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May 1973. AN ANALYTICAL TREATMENT OF PHOTON TRANSPORT IN
TWO-LAYERED MEDIA. Major Professor: H. E. Hungerford.
In this thesis the transport of photons in two-layered
slabs is examined, and then evaluated by analytically ex-
pressing the two-medium buildup factor in terms of single
medium buildup factors and parameters which in turn can be
characterized as functions of atomic number. The word
analytical is used to indicate that the parameters in this
formulation are not empirical but rather they are directly
related to the basic physics of transport phenomena in two-
1 ayered slabs.
In applying the two-medium buildup factor formulation,
we assume that the single medium buildup factors and albedos
are available and then seek to determine the two- medium
parameters. These quantities have been evaluated by using a
one-dimensional discrete ordi nates transport code (ANISN) to
calculate the attenuation of photons in two-layered slabs
of water, iron, and lead. Independent verification of some
of the ANISN results was made using the stochastic transport
code PUGTII. The materials water, iron, and lead were chosen
because they are commonly used together in pair combinations

XXV
and because they represent the light, intermediate, and
heavy elements respectively.
In the process of tabulating and plotting the results,
it was observed that the two-medium parameters are slowly
varying functions of the first medium and smoothly varying
functions of the second medium; moreover, a detailed examin-
ation of the plotted results (Appendix D) reveals that the
curves for each of the two-medium parameters have the same
shape (i.e., functional dependence) for different first-
layer thicknesses and/or materials. Because of this func-
tional behavior, these two-medium parameters have been
accurately extrapolated to a large number of two- material
combinations by simple linear interpolation on atomic num-
ber .
Energy and dose buildup factors for more than 15 differ-
ent two-material combinations have been calculated with the
two-medium buildup factor formulation and compared to cor-
responding ANISN results. These comparisons clearly indi-
cate that the errors resulting from obtaining buildup factors






1.1. Statement of the Problem
The advent of the nuclear age has resulted in the de-
velopment of sophisticated nuclear devices and systems in
two vital areas of our material well-being: (1) national
security; and (2) energy. The weapons and nuclear power
reactors conceived and developed in the many military and
civilian programs over the past quarter of a century have
been possible only because of our advancement in the under-
standing of nuclear radiation transport processes within ma-
terial media. As part of this theoretical undertaking, a
considerable amount of effort has been devoted to developing
methods of calculating the deep penetrations of photons in
material media. These radiation transport calculations
usually involve the solution of the Boltzmann transport equa
tion in one of its various forms.
The Boltzmann transport equation is a statistical-
mechanical statement of the balance and flow of radiation in





eren t i al equation which can not be solved
exactly for any but a few highly restricted cases; however,
numerous methods have been developed and used to provide
approximate solutions. They include techniques utilizing:

1. Successive integrations over trial solutions,
2. Polynomial expansions such as spherical harmonics,
3. Fourier transforms,
4. Diffusion theory,
5. Variational techniques and perturbation theory,
6. Expansions in terms of moments,
7. Invariant imbedding,
8. Discrete ordinates S.. theory, and
9. Stochastic Solutions (Lattice Transport and Monte
Carlo).
Some of these methods most applicable to ohoton transport
(the topic of interest in this investigation) will be described
in the nex t chapter.
It has become customary to present the results of photon
transport theory calculations in the form of a buildup fac-
tor. The buildup factor is defined as the ratio of the de-
sired quantity which is a characteristic of the total gamma-
ray flux density to a similar quantity which is a character-
istic of the unscattered flux density. For example, the
energy buildup factor is defined as the ratio of the total
energy flux (direct plus scattered) to the unscattered energy
flux (direct). The principal advantage of expressing the
results of photon attenuation calculations in the form of
buildup factors is that these quantities are rather slowly
varying functions of attenuation distance, photon source
energy, and average atomic composition.

The penetration of gamma -rays in an infinite, homogeneous
medium has been explored in detail using the moments meth-
T 1 2 3 41
d , ' ' ' J a technique particularly suited to photon trans-
port in infinite media. Goldstein and W i 1 kins have used
this method to compile an extensive collection of buildup
factor data which for 20 years has been and is still con-
sidered to be the primary source of buildup factor data for
point isotropic and plane monodi recti ona 1 sources in infinite
media. Of more practical interest to shi elders is the trans-
mission of photons through finite slabs of material. Much
work has been done on single (one-layer) slabs, ' ' ' -1 in-
cluding calculations of reflection coefficients and transmis-
sion buildup factors for several different source distribu-
tions (isotropic, perpendicular, and oblique incidence).
A small amount of work has been done on two-layer
slabs. ' ' ' -1 However the object of such studies has
been to derive corrections to single medium buildup factors
and/or empirical formulas ' ' ' which work only in a
given set of circumstances. No investigation that the author
is aware of has focused on expressing the two- medium buildup
factor in terms of general parameters which are directly re-
lated to the basic physics of transport phenomena in such
1 aye rs .
The objective of this thesis is to investigate the trans-
port of gamma-rays in two-layer slabs and to develop an
analytical expression for two-medium buildup factors in terms
of single-medium buildup factors and parameters which, in

turn, can be characterized as a function of atomic number.
The reason for expressing the two-layer results in terms of
one-layer results is that one-layer results are readily
available in the open literature, and two-layer buildup
factors so expressed will be of great practical benefit.
The present theoretical investigation of photon transport
in two-layered slabs was conducted by first thoroughly re-
viewing the literature for all existent one- and two-layer
buildup and transmission information. As a result of this
extensive search, it became evident that the problem of two-
layer buildup factors could best be handled by utilizing
both discrete ordinates and stochastic transport techniques
to calculate, as accurately as possible, the attenuation of
gamma-rays in two-layered material combinations of water,
iron, and lead. These elements were chosen for the study
because they are commonly used together in pair combinations,
and they represent the light, intermediate, and heavy elements
respectively. The results of these calculations were then
used to determine a set of parameters required in the formu-
lation of the two- material buildup factors.
As has already been pointed out, a number of computa-
tional techniques are available for determining the transport
of gamma-rays in two-layered media. However, these tech-
niques usually involve the extensive use of a large computing
facility, and when a large number of calculations on complex
shielding configurations are to be undertaken, this method
is unduly slow, awkward, $nd costly. We looked, therefore,

for ways to simplify the approach for others, performing
in advance (as it were) the long computer calculations for
them. The unique feature of the analytical formulation
derived in this work is that two-material buildup factors
can be easily hand-calculated, using fairly simple formulas
for most of the two-material combinations of interest to
shield designers. In fact, the major limitation on the
number of two-material combinations which can be investigated
is the lack of one- medium data.

2. THE TRANSPORT OF GAMMA RAYS:
REVIEW OF THE LITERATURE AND METHODS
The attenuation of gamma -rays in material media is rela
tively simple to predict when each interaction process
(collision) results in the disappearance of a photon, i.e.,
the medium is purely absorptive. For example, consider the
case of a monodi recti onal beam of gamma -rays of energy E in
such an absorptive medium; then, the change in the flux in-








where the constant of proportionality u is known as the
linear attenuation coefficient. The solution of equation
(2.1) is the well-known Lambert's law of absorption,





Unfortunately, Lambert's Law is not an accurate description
of photon attenuation in material media. First, the law
assumes that the medium is purely absorptive and does not
account for scattering. Second, the law does not account for

the energy change which results from photons of lower energy
contributing to the flux at x.
Lambert's law can be corrected to account for scattered
radiation by using a multiplicative factor called the
buildup factor. The term "buildup factor" was first intro-
duced during the Manhattan Project. Its usefulness stems
from the fact that radiation quantities resulting from u n -
scattered photons, i.e., photons which emerge without suf-
fering any collisions, are relatively simple to calculate.
There are many different quantities of interest in shield
design (particle flux, energy flux, dose rate, etc.) and
we can define a buildup factor for each of them. To show
how this can be done, let the superscripts u and s refer to
unscattered and scattered photons respectively and let the
quantity of interest be represented by the functional F(I);
then, the buildup factor for the quantity F(I) is defined
F(D = B. F(I U ) (2.3)
In words, equation (2.3) defines the buildup factor as the
ratio of a desired quantity which is a characteristic of the
total flux density (unscattered plus scattered) to a similar
quantity which is a characteristic of the unscattered flux
density. From this definition, it is obvious that the build
up factor concept is meaningless when the unscattered quan-
tity does not exist.

Buildup factors of interest in shield design include:
1. The energy buildup factor B
p
(with F(I) represent









The total energy flux I(x,E) is the sum of the scattered
and unscattered contributions. That is,











2. The dose buildup factor B
D
(with F(I) representing
the dose-rate in air) defined as
(x) = 1 +
J E
u |i







where u (E) is the energy absorption coefficient of air
3. The energy absorption buildup factor B. (with F(I)
representing the energy density absorbed by the medium
from the photons in unit time) defined as
B
A
(x) = 1 +
J E
p en
(E) I s (x,E) dE




where u (E) is the energy absorption coefficient for the
medium. It should be mentioned that in all of the defini-
tions cited, the functional F depends only on the energy
flux; therefore, for a monoenerget i c source, F(I ) is given
by a constant, F , times the integrated, unscattered energy









The fundamental equation governing the transport of
gamma rays in material media is an i ntegro-di f
f
erent i a 1
equation known as the Boltzmann transport equation. It is
basically a bookkeeping statement which accounts for photon
increases and decreases in a given increment of space,
angle, energy, and time. For shield analyses, a steady
state is normally assumed and the time variable is not re-
quired. Briefly, the equation of continuity is applied to a
six-dimensional phase space consisting of three spatial
coordinates r, two directional coordinates fi and one energy
coordinate E; and the resulting i ntegro-di fferenti a 1 form
of the Boltzmann transport equation is given as
V • S
<J>
(r,E,ft) + u<j>(r,E,^) = S(r,E,$)





In the above equation, the quantity u is the linear attenu-
ation coefficient and the angular flux <£ ( r , E , ft ) is defined
so that
<j>(f,E,ft) dE dft (2.11)
gives the number of photons at r, with energy E in the
range dE, going in the direction ft within the element of
solid angle dft, which cross in unit time a unit differential
element of area whose normal is in the direction ft. The
various terms in equation (2.10) are defined as follows:
V • ft <$> i s the loss rate due to leakage from the phase
space cell ( dr , d E , dft)
,
u $ is the loss rate due to collisions in the phase space
cell which either absorb the photons or change their energy
and direction,
S is the independent generating source of photons, and
Z
s
(r, E'-E, 3' -ft) <j>(r, E'ft) dE* dtt (2.12)
E'JQ
represents the rate at which photons are scattered into the
phase space cell. The transport kernel, E (r ,E '-E ,ft'-ft)
,
represents the differential macroscopic cross section for
scattering from the direction ft 1 to ft and from the energy
E
1 to E per unit solid angle and energy range. For Compton
scattered photons, the transport kernel is given by the
well-known Kl ei n-Ni shi na formula. This formula takes a
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particularly simple form if the energy dependence is ex
pressed in terms of photon wavelength in Compton units,
m C
511A(Compton units) = c °r M ., v = r ; M . , vK
' E (MeV) E( MeV) (2.13)
In these units, the transport kernel is
2
^(r.X'-A.S'-JS) = \ r e
2
(f-) [^r + f + 2(A - A)
+ (A 1 -A) Z ] 5(1+A' -A-^-^ : ) , (2.14)
where n is the electron density and r is the classicalJ
e
- 1 3
radius of an electron (2.817 x 10 cm). The Dirac delta
function 5 accounts for the fact that wavelength (energy)
and angle changes are related by the Compton shift equation
A' - A = 1 - S' • $ (2.15)
In shielding problems where absorbed energy density
and biological dose are the quantities of interest, it is
convenient to work with the angular energy flux which is
def i ned as
I (r ,E,ft) = E • <j)(r ,E,&) (2.16)
One unit of Compton wavelength = h/m C = .02425°A,
where h is Planck's constant, m is the rest mass of an
electron, and C is the velocity of light.
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This preference arises from the fact that absorbed energy
density and biological dose are more nearly proportional
to energy flux than particle flux. The transport equation
is written in terms of I(?,X,^) by multiplying equation
(2.10) by E and noting that
dE 511 dX







V • $ I ( r , A , Q ) + u I(r,X,S) = S(r,X,2)
n>
(2.19)
E (r.E'+E.iS'-S) = -Ayy E '(r.X'-*A.3'->8)
;
(2.20)
fr Ejf.A'^i'^) Kr.X'.S') dX' d^' .(2.21)
s
A s
A direct, analytical solution of the Boltzmann trans-
port equation is feasible only for a very small number of
simple and highly idealistic problems. There are, however,
many methods available which provide approximate solutions
to the transport equation, several of which are described
below. In general, methods utilizing numerical techniques
with high speed computers provide more accurate solutions
than methods which employ simplifying assumptions to alter
the transport equation such that an analytical solution is
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obtainable. An example of the latter type is the elementary
one-speed diffusion equation of reactor physics which can
be derived from the transport equation by invoking the
following assumptions:
1. Scattering is isotropic in the laboratory co-
ordinate system.
2. There are no strong absorbers in the medium
i . e
3. The region of interest is two or more mean free
paths from any intense sources or boundaries.
The existence of these limiting assumptions (especially the
first assumption) is a clear indication that diffusion
theory is inadequate for problems involving photon trans-




2.1.1. The Method of Successive Scattering
A relatively simple and straightforward approach for
calculating the contribution of scattered photons to the
penetration of gamma-rays is found in the method of suc-
cessive scatterings. J This method is a semi analytical
technique which considers the total photon flux to be the
sum of the unscattered flux, the once scattered flux, the
twice scattered flux, etc. In notational form





where <j> . ( x ) is the flux at x which results from the ith
scattering. As previously mentioned calculations for the
unscattered flux are relatively simple to perform; however,
this is not so for the scattered flux. In the successive
scattering method, the unscattered flux provides the
collision density for first scattering which is used as a
source in calculating the once scattered flux. The process
is then repeated with an integral recursion formula which
gives a relationship between
<f>. +1 (x) and <{> . ( x ) . In other
words, the higher-order scattered fluxes are expressed as
integral operators of the next lower-order scattered flux.
After the first scattering, the mathematics becomes quite
involved and there is a tendency to limit this type of
calculation to only one or two orders of scattering.
However, this simplistic approach yields unreliable results
for deep penetration problems where many scatterings con-
tribute to the flux and the once and twice scattered con-
tributions are only a small part of the total flux.
The method of successive scattering was first used by
Peebles and Plesset"- ' * to calculate the transmission
of monodirectional gamma -rays through finite slabs of iron
and lead. The error in these calculations is estimated to
be as high as 20% for slab thicknesses up to 20 mean free
paths. A variation of the method of successive scattering
[20]has been developed by Peebles and elaborated upon by
Yarmush [21] It consists of considering the photon
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transmission through a thick slab to be composed of a suc-
cession of transmissions through thin slabs which are taken
thin enough to make the contributions cf photons scattered
three or more times negligible. Gamma-ray transmission
in the thick slab is then obtained by successive matrix
multiplication of the thin slab results.
•
2.1.2. The Spherical Harmonics Method
The method of spherical harmonics, as applied to the
transport equation, consists of expressing the various an-
gular dependent terms in a complete set of elementary
functions such as a series of polynomials. In three-
dimensional geometry', spherical harmonics are the logical
choice; however, these reduce to Legendre polynomials for
one-dimensional geometry with azimuthal symmetry. When
the polynomial expansions are substituted into the trans-
port equation, it separates into an infinite set of coupled
differential equations which no longer involve the direc-
tional variables. Practical methods of solution require
that the infinite set be limited to a finite number of
coupled equations, and this is achieved by truncating the
polynomial expansions to some finite number of terms. For
Although not widely used today, this method embodies
concepts which are used in other techniques described in
this Chapter. It has therefore been included for peda-




example, a P (or nth order) approximation represents a
solution in which the polynomial expansions are limited to
n+1 terms.
In general, the degree of anistropic scattering dic-
tates the order of expansion required to yield accurate
results. The P-, approximation is equivalent to diffusion
theory which, as previously indicated, provides adequate
results only when the scattered flux is nearly isotropic.
It has been shown that a P., approximation provides a vast
T221improvement over diffusion theory 1- J and that the Most
severe anisotropy resulting from Compton scattered photons
with energies less than 10 MeV can be adequately resolved
[23 I r 2 4
1
with a Pc approximation. Lanning L J has used the
spherical harmonics method to investigate gamma-ray heating
in multi-slab geometry. He successfully calculated the
spatial distribution of the energy flux spectra out to ten
mean free paths with a P^ approximation.
2.1.3. The Moments Method
[25]The moments -me thod of Spencer and Fano u "" J is a semi-
analytical technique which solves the Boltzmann transport
equation in infinite geometry. With this method, as in
the spherical harmonics method, the angular flux is expand-
ed in terms of Legendre polynomials. ' In addition, spatial
moments of the Legendre coefficients, I (x,E), which serve





b„„(E) - -2. 111I (x,E) x dx
,
(2.23)
where u is the linear attenuation coefficient at the source
energy E . In terms of these moments, the transport equa-
tion reduces to a set of interlinked integral equations of
r pg "I
the Volterra type 1 J with energy as the only independent
variable. The spatial moments are straightforwardly eval-
uated by numerically integrating these integral equations.
It should be emphasized that the calculations to this point
are rigorous because no assumptions have been made. The
major source of error in this method results from recon-
structing the spatial dependence of the flux with only a
finite number of known moments. Usually six to eight
properly chosen moments are sufficient to reconstruct the
spatial flux with reasonable accuracy.*
The method of moments is generally considered to be
the technique of choice for problems involving photon trans-
port in infinite media. Goldstein and Wi 1 kins'- J have used
the moments method to investigate in detail the penetration
of monoenergeti c gamma-rays in infinite homogeneous media,
and they have used their results to develop an extensive
compilation of energy flux spectra and buildup factors for
*The interested reader is referred to Reference [1] for
a detailed description of two methods used to reconstruct
the spatial flux The polynimial expansion method and the
method of undetermined parameters.
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infinite plane and point isotropic sources. Advantages of
r 2 7
1
the moments method, as stated by Golstein, L J include:
1. A detailed energy spectrum of the flux can be
obtai ned
.
2. The required computing time for penetrations up
to 20 mean free paths is relatively short.
3. Most photon source configurations of interest
are amenable to the method. (Spencer and
T 28 2 9 1
Lamkin 1 ' J have successfully employed the
method to calculate the slant penetrations of
photons in water and concrete.)
4. Angular distributions of the flux may be obtained.
(Certaine L J used the moments method to calculate
angular distributions from plane monoenerget i
c
sources . )
The most serious limitation of the moments method is
that it is applicable only to infinite homogeneous media.
Another disadvantage, less restrictive but still noteworthy,
involves the difficulty in reconstructing and determining
the flux behavior near the source (l ess than one mean free
path). Because of this, the method of moments is not a




Berger L J has developed a method to alleviate the
difficulty for point isotropic sources.
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2.1.4. The Method of Invariant Imbedding
The invariant imbedding technique was originally devel-
oped and used to calculate the reflection of diffuse light
from a stellar atmosphere by the astrophysist Ambrazum-
r 3 2 331 r 3 4 "1ian. ' J Bellman, Kalaba, and Wing L J have extended
the method into a general approach, and shown that it can
be applied to a much broader class of problems which in-
cludes neutron and gamma-ray transport. As applied to radi-
ation, the invariant embedding formulation is not another
method for solving the transport equation but rather a new
fundamental approach to the transport of radiation in ma-
terial media.
Unlike the Boltzmann equation, the dependent variables
of the invariant embedding formulation are reflection and
transmission functions. Each of these parameters is de-
fined by and thus satisfies a non-linear i ntegro -d i f
f
erent i a 1
equation which cannot be solved analytically. Hence, all
of the solutions are numerical in nature. The reflection
and transmission equations represent problems of the
"initial-value" type. In contrast, the Boltzmann equation,
as applied to photon transport in slab geometries, forms
"boundary- val ue" type problems. In general, i ni ti a 1 - va 1 ue
problems are more amenable to numerical solution with a
computer. As a consequence, the invariant embedding formu-




rot: o c "I
Mizuta and Shimizu 1 ' J have applied the method of
invariant imbedding to the problem of photon transport in
slabs and demonstrated that it is competitive in accuracy
to other established methods such as Monte Carlo and the
method of moments. Compared to stochastic methods, in-
variant imbedding has the advantage that it requires less
computing time. Compared to the moments method, it has
the advantage of being applicable to slab geometries. The
disadvantages of the method are that it is difficult to
apply to other than slab geometry and that it is inefficient
for thin shields. (Thin shields require almost as much com-
puting time as thick shields.)




G. C. Wick L J in 1943 was the first to suggest the use
of discrete ordinates (or discrete directions) in transport
T38
1
theory. In the years that followed, S. Chandrasekha r L J
further developed the method and applied it to the study of
radiation transport in stellar atmospheres. Early applica-
tions of the discrete ordinates method were primarily
limited to the transport of isotropically scattered radia-
[391tion in slab geometries. Carlson, with some success,
applied discrete ordinates to curvilinear geometries by
using an "S
N
approximation." In the S
N
version, the angular
dependence of the flux is approximated by a series of con-
nected straight line segments; hence, the letter S signifies
segments and the subscript N indicates the number of segments
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used to construct the angular dependence. It was subse-
quently recognized by Carlson and Lathrop*- ^ that the
S
N
approximation was only a special case of a more general
formulation and this led to the development of the discrete
ordinates S., method.
The discrete ordinates S^ method, as presently employed,
is a means of numerically solving the Boltzmann transport
equation with finite difference equations. The finite dif-
ference equations are formulated as flow balances for dif-
ferential phase space cells (dV dE dft) . The more recent
versions of the method accurately treat anisotropic scat-
tering by using a Legendre series expansion to describe the
scattering cross section, E (r ,E ' -*E ,Q' -**) . The fundamental
assumption in the discrete ordinates method is that the
inscattering integral can be approximated by a quadrature
scheme which evaluates the integral as the sum of a dis-
crete distribution. In one-dimensional geometries a Gauss-
r 4 -j iLegendre quadrature formula may be used to provide the
discrete distribution, with discrete direction cosines cor-
responding to the Gaussian zeroes.
The discrete ordinates S
N
method has been shown to be
a versatile and powerful method for accurately solving the
transport equation in both one-dimensional geometries
[42] ANISN [43] ) and two-dimensional geometries(DTF IV,
(DOT'- J). It has been successfully aoplied to neutron and
[45 46 47]gamma-ray deep penetration calculations'- as well
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as to general core criticality problems. J The results
of these calculations and many others clearly indicate that
the discrete ordinates method, as applied to shielding prob
lems, has the following advantages:
1. Depending somewhat on the sophistication desired,
the S
N
calculations are easy to prepare.
2. The method is not stochastic and flux errors
at deep penetration are systematic rather than
statistical .
3. Secondary gammas may be calculated by the same
method, either as a second calculation or simul-
taneously with the neutrons. The gamma yield
distribution may be dependent on the neutron
energy at capture.
4. The neutron energy range from highest fission ener
gies to thermal, including upscatter, may be cal-
culated by the same method.
5. The one-dimensional calculations are much faster
(in computer time) than similar Monte Carlo cal-
culations. In two dimensions the type of problem
and the desired answers determine whether S
N
or
Monte Carlo is better.
F. R. My




The major disadvantage of the method is that it is not
applicable to three-dimensional geometries.
The discrete ordinates method is one of the methods
used in this work to calculate the penetration of photons
in two-layered slabs; therefore, a derivation is given in
Appendix A which establishes the equivalence of the one-
dimensional discrete ordinates equations with the transport
equation and which also shows how the Gaussian quadrature is
employed to evaluate the inscattering integral.
2.1.6. Stochastic Methods
Many physical processes including the emission and
transport of radiation are probabilistic in nature. As a
result, many types of problems in mathematics and ohysics
can be solved by random sampling or stochastic techniques.
The Monte Carlo method, as applied to radiation transport,
represents a system of probabilistic solutions in which
probabilities relating to microscopic emission and interaction
processes are used to predict macroscopic phenomena such as
flux and dose-rate. Simply stated, the Monte Carlo approach
consists of constructing a series of analogue experiments
(histories) which mathematically simulates the emission and
transport of particles, and then analyzing the outcomes of
a large number of histories to obtain relevant quantities.
Each history (or experiment) includes the generation of a
particle, its random walk through the medium, and its death
which results when the particle is absorbed, exceeds some

24
physical energy or time boundary, or when its importance
becomes insignificant.
The method of random sampling was first applied to the
solution of radiation transport problems by Ulam and Von
r 50 51 ]Neumann 1- J in the mid-1940's. In the early stages of
development, the Monte Carlo method was based on direct
simulation of the transport problem and was therefore found
to be prohibitively costly and time consuming in calculat-
ing deep penetrations with reasonable accuracy. In the
years that followed, several techniques were developed to
reduce the variance associated with the statistical behavior
of a particle history. Some of these variance reducing (or
T 52 531biasing) techniques, as described by Kahn, ' J include:
1 . Importance Sampling: The selection of events
(source parameters, path lengths, etc.) or omis-
sion of events (absorption) is based on an altered
probability distribution which allows the more
important events to be sampled more frequently.
The exponential transform is one of the more widely
used means of importance sampling because it is
easier to alter selection of path length. Particle
weighting is another widely used importance samp-
ling technique in which absorption is not allowed




2. Use of Expected Value: A portion of the random
walk process is replaced by its average value.
3. Russian Roulette and Splitting: Unimportant his-
tories (i.e., those which are unlikely to contribute
to the answer) are terminated with some probability
while important histories are multiplied to give
several semi- independent estimates.
In general, Monte Carlo is not the technique of choice
for one-dimensional steady-state transport problems because
other methods such as discrete ordinates are usually much
faster (in computer time) and just as accurate. In two-
dimensions the type of problem (deep penetration, irregular
geometry, ducts) determines whether Monte Carlo or discrete
ordinates is better; but, there is no competitor to Monte
Carlo for obtaining rigorous solutions to three-dimensional
or time-dependent transport problems.
The Lattice Model Concept of Stochastic Transport was
developed and successfully applied to neutron transport by
r 54
1
H. £. Hungerford. J It differs from conventional Monte
Carlo methods in that the random walks of particles are
constructed by sampling their motion at predetermined points
using a direct simulation of the transport process. In
the "Lattice Model Concept" space can be envisioned as being
made up of a large number of small cubes whose sides are
equal to a distance called the unit lattice distance. The
method of sampling particle motion within this framework is
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best described by H. E. Hungerford
excerpt :
[54] in the follow inq
If we now restrict the locations of the sampling
points to be only at the corners of the cubes, and
nowhere else, we have already chosen our allowed
directions of emission, namely, these directions
represented by lines which can be drawn from any
corner of the unit cube to any other, neglecting
the repeats. There are altogether 26 allowed
directions of motion, outward from any given source
point (considered at the origin)--6 along the 6
axial directions, 12 in-plane diagonal directions
(the planes being defined by any 2 of 3 axes), and
8 skew diagonal directions (to opposite corners of
the cube). Actually, to show all these directions
emanating from one point, one has to make a larger
cube from 8 unit cubes and place the source at the
central point common to all cubes. These 8 cubes
correspond to the 8 octants of a sphere. The larger
cube [may be] referred to as the representative cube.
r 5 5 "I
A. Razani L J applied the lattice concept to gamma-ray
transport by developing a stochastic gamma-ray transport
code called PUGT I. Another version of the code, PUGT II,
which uses particle weighting will be used in this work to
calculate the penetration of photons in two-layered slabs,
and thereby provide independent verification of the discrete
ordinates results; therefore, a derivation which relates
the transport of photons in the lattice model to the inte-
gral form of the transport equation is given in Appendix B.
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3. THEORY OF PHOTON TRANSMISSION AND
BUILDUP IN A TWO-LAYER SLAB
3.1. Analytical Formulation of the
Two-Medium Buildup Factor
Given two slabs of different materials and a plane,
monoenergeti c gamma-radiation source incident on one of them,
the problem under consideration is to develop a relatively
simple expression which will predict the buildup and there-
fore the transmission of radiation through the slabs, with-
out having to resort to expensive and time-consuming com-
puter calculations. The choice of the radiation quantity
selected as the prime variable is the angular energy flux
density, I(b,,E,n) in MeV per cm per second per steradian
and per unit energy, where
I(b
]
,E,S) = E • 0(b
1
,E ,^)
and <J>(b,,E,^) is the angular photon flux density. (The num-
ber of photons of energy E at b, passing through a unit of
area in the direction u t per unit time, per steradian, and
per unit energy.) The analytical formulation to be
Quantities used in this development are defined in the
Nomenclature preceding the text.
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developed is based on the buildup factor concepts, as given
in Chapter 2, and the geometrical configuration shown in
Figure 3.1. More rigorously stated and referring to Figure
3.1, the objective of the formulation to be developed is
to determine the buildup factor which when used with Lam-
bert's Law correctly predicts the energy flux density at
the detector (point C) resulting from a plane, monoener-
getic, monodirectional photon source at point A. The two-
medium buildup factor, as derived, will be a function of
quantities which characterize the angular energy flux at
the interface between the two slabs. As nearly as possible
the formulation for two-layer buildups will follow that for
one layer. The single-medium buildup factors previously
defined contained two terms, one describing the scattered
energy flux and, the other describing the unscattered ener-
gy flux. The same scheme will be followed here. In addi-
tion, a distinction will be made between photons which
scatter in the first layer and those that scatter in the
second layer. In order that the reader fully understand
the terminology and import of this development, a series
of terms used herein is defined. The superscript s is used
to refer to the scattered radiation and the superscript u
refers to the unscattered radiation. These superscripts
may be used alone or in combination. Thus:
1. I










Figure 3.1. Geometrical Configuration for a Two-Layer Slab
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2. I is the unscattered energy flux,
3. I refers to the energy flux which has scattered
in the first layer but not in the second layer,
4. I refers to the energy flux which doesn't scat-
ter in the first layer, but scatters in the second
1 ayer , and
s s
5. I refers to the energy flux which scatters in
both 1 ayers .
These and other terms will be more fully described as the
detailed development unfolds.
The scattered energy flux at the detector (point C)
may now be written as the sum of three components
I
s (b +b ) = I
su
(b 1+ b 2 )
+ I
us
(b 1+ b 2 )
+ I






where I (b,+bp) is the scattered energy flux at the de-
tector arising from the scattered energy flux at the inter-
face which doesn't scatter again in traversing the second
layer, I (b,+b~) is the scattered energy flux at the de-
tector arising from the unscattered flux at the interface
which scatters at least once in traversing the second layer,
and I (b,+b
?
) is the scattered energy flux at the detector
arising from the scattered energy flux at the interface
which scatters at least one more time in traversing the
second layer. Here, as in the rest of this work, the
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quantity b-, denotes the number of mean free paths in the
first slab at the source energy E and b« is analogously





where y, and p ? are the linear attenuation
coefficients of the first and second media.
The relationship between the energy flux I (b,+b
? )
and the scattered angular energy flux at the interface,
I ( b, , E , ft) , is given by
I





















and the differential solid angle is given by
d{^
2tt r d r . , .
w 7) steradians, (3.4)
where w = cose, and p and r are shown in Figure 3.1. Sub-
stituting these relationships into equation (3.2) yields
E
I
SU (b 1+ b 2 )
=
-










The integration variable may be changed to w by using the
2 3
relations p = Xp/w, r = x~ tan9, and rdr = - x
?
dw/w . Re-
ferring again to Figure 3.1, one sees that w + as r -*• »,
and w -* 1 as r + 0. Substitution of these variables and
limits into equation (3.5) yields
I












where b« ( E) = u~ ( E )x
?
.
In proceeding further it will be necessary to expand
c
the scattered, angular energy flux, I (b,,E,w) 4 in a series
of Legendre polynomials. For a plane source, the Legendre
series expansion takes the form
I
S (b 15 E,w) = I
2
-j± I>r b 2 ,E) P ( W ) (3.7)
9 =
It can be shown that beyond a certain number of terms i = m,
there is a negligible contribution to the scattered angular
energy flux; therefore, the series is truncated at m where
*
m indicates the order of the expansion. The terms P
n
(w)
are the Legendre polynomials of order i t and the expansion






.E) - I S (br E,w) P (W) dW -y
f (3.8)
cm -sec-MeV
It is anticipated that a fifth order expansion will be
sufficient to describe I (b,,E,w) to very good accuracy.
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The physical significance of the expansion coefficients can
be ascertained by noting that for 1=0 and z = 1, these quan-
tities represent the scattered energy flux spectrum and the
scattered energy current spectrum at the interface between the
two layers. The higher i terms define moments of these. In
addition, the scattered energy flux at the interface is relat-






























For convenience in later analyzing and tabulating, it is de-
sirable to consider a two-medium parameter which is a slowly
varying function of the thickness of the first slab. This
quantity results when both sides of equation (3.10) are di-
vided by the scattered energy flux at the interface as de-
fined in equation (3.9). Thus,
(E
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where I u (b,+b ) is nothing more than I u (b 1 +b ) normalized
n 1 c
J 12
to a scattered energy flux at the interface of lMeV/cm -sec.
For convenience in carrying out the integration with respect
to w, let b = b
2
(E). Note that b t b
2
(E ). Also, let us
define a set of quantities
"1
M 'b) = n / \ -b/W .P (w) e dw for £ = 1 ,2 m. (3.12)
Substitution of M (b) into equation (3.11) yields
m
i> 1+ b 2 > . I 2-j±l
£ =
E
o Ip(br b 2 ,E)
o
I$ ( b l' b 2)
M n (b) dE (3.13)
The evaluation of M (b) is accomplished by comparing it to
the exponential integrals which are defined as
i
E„(b) = b n-1 dv
n
(3.14)
The relationship between M (b) and the exponential integrals
is made clearer by substituting v = b/w into equation (3.12)
so that
l\(b) P (±) -
£ V V ; T (3.15)
Specifically for £ = o, P (b/v) = 1, and





for i = 1 , P
]









(b) = £[3 E 4 (b) - E 2 (b)J, (3.18)
etc.
Since P.(w) is a polynomial in w, Mfb) can be expressed
in shorthand form as
V b) = p A CEJ+2 (b)] • (3.19)
Here the somewhat strange notation signifies that whenever
w
J occurs in P (w), it is to be replaced by E.
?
(b). For
exampl e , when i = 3,
and




(b) = ^[5 E
5





With M (b) now expressed as an exponential integral
function of energy, the final step in evaluating I su (b,+b2),
as indicated in equation (3.13), involves integration with
respect to energy. In performing this integration it is
necessary to specify the expansion coefficients, I (b-,,b,,,E);
therefore, the energy flux I (b,+b
? )
will be calculated in











) = I> ( Dl +b 2 ) + I^Cbj+bg) + PMb^b^ MeV
cm -sec
(3.22)
can be displayed in a more convenient form by defining a
scattered energy buildup factor, Bp(b,,b
? ), as the variable
which gives the buildup of the scattered energy flux at the
interface as it traverses the second medium. That is,
B^(br b 2 )
=













SU (b 1+ b 2 )
(3.23)
With the scattered energy buildup factor defined in this


























us .Further simplification is achieved by expressing I in terms












































] 2 MeV (3.27)
cm - sec

























) - 1] —jMeV (3.28)
cm -sec
In keeping with the definitions for single-medium
buildup factors, the two-medium energy buildup factor,
Brfb-i+bp), is defined as the ratio of total energy flux to
unscattered energy flux. Specifically, in formula notation






























Substituting the expression for I (b,+b
? ), as given in
equation (3.28), into equation (3.29) yields
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B*(b b ) I S (b 15 b ? ) l'
u (b 1+ b ? )
B
E











Equation (3.30) can be further simplified by noting that the


















) is the scattered energy flux at the inter-
face . Thus
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This is the formulation which will be used to evaluate energy
buildup factors for two-material combinations, other than
those of water, iron, and lead which are calculated in the
next chapter. It will be shown in the discussion of results
that the two-medium parameters B r (b,,b ) and I (b,,b ) areE12' n I 2
slowly varying functions of b, and smoothly varying functions
of b
?
which can be accurately evaluated for many two-material
combinations by simple linear interpolation over atomic num-
ber.
The energy buildup factor at the interface between the
two layers, B
F
( b, , b
?
), needs further clarification so that
it can be evaluated from available single-medium parameters
such as buildup factors and albedos. The scattered energy
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(b,) - The scattered energy flux which results
at the interface when the second medium
is replaced by a vacuum.
- The scattered energy flux at the inter-

















Now, the scattered energy flux which is reflected can be
expressed in terms 'of flux albedos as
l'(br b 2 ) = I
u (b,) a"(b
2




where the unscattered energy flux albedo a" is defined as
the ratio of reflected energy flux to incident, unscattered
energy flux; and the scattered energy flux albedo a is de-
fined as the ratio of reflected energy flux to incident,
scattered energy flux. Since the unscattered energy flux
is both monoenerget i c and monodi recti ona 1 , a is equivalent
to the energy flux albedos for normally incident sources
|"5"i
found in the open literature. J However, the scattered
energy flux albedo is not dealt with in the open literature;





Substituting equation (3.34) into equation (3.33) and




















(b,) is the single-medium energy buildup factor for a
normally incident source in slab geometry wnich has been
evaluated in Reference [5]. It will be shown in the dis-
cussion of results that the interface energy buildup fac-
tor can be accurately evaluated for a large number of two-





The transport of monoenergeti c gamma-rays normally
incident on two-layered slabs of water, iron, and lead has
been investigated by using both discrete ordinates and sto-
chastic methods to solve the Boltzmann transport equation
in slab geometry. Source energies of 1 , 3, and 6 MeV were
chosen so that the two-medium buildup factor formulation,
as derived in the previous chapter, could later be verified
for the primary photon interaction processes: The photoelec
trie effect, Compton scattering, and Dair production. The
production of annihilation radiation has also been included
in these calculations, but other secondary interaction pro-
cesses such as fluorescence radiation and bremss trahl ung
have not. The consequences of not dealing with these photon
interactions in the calculations will be considered and
accounted for in the discussion of results.
The discrete ordinates calculations were carried out
with the Westinghouse version of a transport code called
ANISN, J and the stochastic calculations were carried out
r 5 5
1
with PUGT II, L J a gamma-ray transport code developed at
Purdue University. On the average, the PUGT II stochastic
calculations required much more computer running time than
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the ANISN discrete ordinates calculations, especially for
*
slab configurations of more than three mean free paths.
Therefore, the stochastic calculations were limited to two-
layered slab configurations of up to five mean free paths
and primarily used to verify the accuracy of the discrete
ordinates results. One of the major goals of this work
will be to establish definitive accuracy limits for the two
layered buildup factor results.
4.2. Stochastic Calculations
Over 150 independent stochastic calculations have been
carried out with the transport code PUGT II to evaluate the
transmission and buildup of monoenergeti c photons normally
incident on two-layered slabs of water, iron, and lead.
PUGT II (Purdue University Gamma-Ray Transport) is a sto-
chastic computer code which is based on the "Lattice Model
Concept" as discussed in Chapter 2 and Appendix B. In brief,
the code generates source gamma-rays and runs analogue ex-
periments in which the photons are followed through a ma-
terial medium until they exceed some physical, energy, or
time boundary. The record of each photon from birth to
death is called its history, and quantities of interest such
as fluxes, currents, and albedos are obtained by summing
the results of many thousands of histories. Reference (55)
should be consulted for a more detailed description of PUGT n
A typical ANISN run for slab configurations up to 13
mean free paths required approximately 250 seconds of time on
the CDC 6500 computer at Purdue University while a PUGT II
run for a slab configuration of 4 mean free paths required
1500 seconds of computer time.
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The results of these stochastic calculations for two-
layered slabs of water, iron, and lead will be primarily
used to determine the accuracy of the discrete ordinates
calculations; therefore, it is imperative to estimate and
limit the inherent statistical inaccuracies. For statistical
purposes, the transmission of photons through a slab can be
considered to be a series of independent Bernoulli trials
where M, the fractional number of photons transmitted through
the slab in N histories (trials), represents the probability
that a photon will be transmitted through the slab on any
given history. The standard deviation for this statistical







and the fractional deviation which indicates the percentage
of deviation from the mean value of the fractional number
of photons transmitted is given as
F = 100 | % (4.2)
It is believed that a fractional deviation limit of 2% will
provide a sound basis for determining the accuracy of the
discrete ordinates calculations; therefore, the number of
histories for each of the stochastic problems in this work
was chosen large enough to limit the fractional deviation to
within 2%.* On the average 10,000, 20,000, and 30,000
*The fractional deviation was less than 1.5% for problems
in which the second material was not lead.
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histories were required for slab configurations totaling 2,
3, and 4 mean free paths respectively.
It should be noted that the statistical model, as
presented above, does not account for the effects of biasing.
Particle weighting is the only biasing technique used in the
PUGT II code. This weighting procedure reduces the sta-
tistical variance by analytically accounting for photoelectric
absorption. However, the resulting decrease in the frac-
tional deviation cannot be quantitatively determined.
4.3. Discrete Ordi nates Calculations
Over 900 independent discrete ordi nates calculations
were carried out to calculate, as accurately as possible,
the buildup and transmission of monoenergeti c gamma-rays
normally incident on two-layered slabs. The bulk of these
calculations dealt with two-layered slabs of water, iron
and lead, source energies of 1, 3, and 6 MeV, and shield
thicknesses of up to 5 mean free paths of the first layer
followed by up to 8 mean free paths of the second layer.
The materials water, iron, and lead- were chosen because they
are commonly used together in pair combinations, and they
represent the light, intermediate, and heavy elements re-
spectively. The source energies of 1, 3, and 6 MeV were
chosen in order to account for buildup and transmission char-
acteristics resulting from all of the primary gamma-ray
interaction processes: The photoelectric effect, pair pro-
duction, and Compton scattering.

45
The discrete ordinates calculations in this work were
carried out with the one-dimensional, di screte-ordi nates
code ANISN. This computer program is written in
FORTRAN IV and solves the one-dimensional Boltzmann transport
equation in slab, cylindrical or spherical geometries.
Theoretical considerations, as discussed in Appendix A,








2. Order of angular quadrature (S
N ).
3. Mesh interval spacing ( r).
4. Cross section set used.
The order of scattering ( P
„
) represents the number of terms
in the truncated Legendre series used to approximate the
inscattering function. In general, the degree of anisotropic
scattering dictates the order of scattering required to give
accurate results. A (Pr) expansion was selected for the
ANISN calculations in this work.
The quadrature data sets used in the ANISN code con-
sist of direction cosines and associated weights which spec-
ify the discrete directions over which the inscattering
function is evaluated. Symmetric sets corresponding to the
Gaussian zeroes are given for various orders of angular
T57lquadrature . i n the ANISN User's Manual. J In general, for
anisotropic scattering, the order of angular quadrature
(S
N )
should be at least twice as large as the order of
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scattering (PJ- An (S-, 6 ) quadrature set in slab geometry
was used for all of the discrete ordinates calculations in
this work.
The discrete ordinates derivation given in Appendix A
emphasizes that solution accuracy requires adequate mesh
spacing. Stringent requirements to insure adequate mesh
T 58
1
spacing are presented in the ANISN User's Manual. J The
calculations in this thesis comply with these criteria in
all cases. Specifically, the mesh interval spacings for
these calculations were kept smaller than (4 £ )" , where
g
£ is the largest total group cross section.
ANISN fixed source calculations require the following
group-averaged cross sections
a. - the photo electric and pair production ab-
sorption cross sections
Oj - the total attenuation cross section (total
= absorption + scattering)
a - the inqroup scattering cross section
g+g
a„!9 h = l,2,...,g-l - The P down scattering cross
s£
sections
These group-averaged cross sections were generated with the
[59]Westinghouse version of a computer program called GAMLEG-W.
**
With the absorption cross -secti on data and the group energy
The quadrature requirements are treated in Appendix A.
**
The photoelectric and pair-production cross section




bounds as input, this code performs the numerical integra-
tions necessary to produce group-averaged absorption, scat-
tering and total cross sections. The down scattering cross
sections are determined by averaging the Klein-Nishina dif-
ferential scattering cross section over the appropriate
initial and final photon energy intervals. This version of
GAMLEG does not account for the production of the annihila-
tion radiation that results when positions created during
pair-production events are destroyed. The code was there-
fore modified to include the production of annhiliation
radiation by treating this generation process as a pseudo-
scattering event. In this modification, the two ( . 5 1 1 Me V
)
annhiliation photons are assumed to be emitted i sotropi cal ly
at the same time and place that the pair-production event
occurs, since the lifetime and range of a position are
relatively very short in comparison to photon transport.
With this assumption, the zeroth order down scattering cross
sections are modified according to
a
1 ^g (modified) = o 1 ^ + o 1 • 2 • 6(g - p) (4.3)SO SO pp \ 3 r
/
where a is the average pair production cross section for
P P
3 1-
group i, p is the index number of the energy group corres-
ponding to 0.511MeV, and 6 represents the Dirac delta func-
ti on
.
Flux weighted 20-group cross section sets were used







The 20-group energy structures used for the 1, 3, and 6MeV
sources are tabulated in Tables C.59 - C.61. The weighting
fluxes were obtained from the infinite-medium energy flux
spectrum tabulations of Goldstein and Wilkins. -1 When the
energy flux spectra, as calculated in this work, differed
significantly from the corresponding infinite medium tabu-
lations, the cross sections were reweighted using the energy
flux spectra obtained in the preliminary solutions.
The following quantities were obtained directly from







I>r b 2 ,E) •
for 2 = 1 ,2, . . . 5
r(br b 2 )
The scattered energy flux spectrum
at the outer edge of the second slab
The two-medium energy buildup factor
The Legendre expansion coefficients
of the scattered angular energy flux
at the interface, I (b,,E,3).







r(b r b 2 ,E) dE
The two-medium energy buildup factors, B(b-,+bp) » and the








) , are tabulated in Appendix C for three
source energies, six two- material configurations, and
forty thickness combinations. The Legendre expansion
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coefficients, I (b,,bp,E), are used in the next section to
calculate the energy flux which scatters in the first layer
but not in the second layer
s
while the scattered energy flux
at the interface is used to determine the interface energy
buildup factor, Bp(b,,b
? ), which in turn is used to evaluate
the scattered energy flux albedo, a (b,,b
?
).
4.4. Calculation of the Parameters in the
Two-Medium Buildup Factor Formulation
The two-medium buildup factor f ormul a t i on which was
derived in Chapter 3 is rewritten here as

















































)-l] aJ(b 1P b 2 ) . (4.5)
For organizing purposes, the quantities in this formulation




(b) - The single-medium energy buildup factor




- The scattered energy buildup factor
Br(b,,b
2 )
- The interface energy buildup factor
Qu(b,,b
?





I (b,+bp) - The energy flux which scatters in the
first layer but not the second layer.
Normalized to an interface flux of
2
1 MeV/cm -sec .
The single-medium parameters are assumed to be available in
the open literature; however, for convenience, these quant-
ities are calculated and tabulated in this work for three
source energies (1, 3, and 6 MeV) and five materials (water,
aluminum, iron, tin, and lead). The remainder of this
chapter will be concerned with evaluating the two-medium
parameters for two-layered slabs of water, iron, and lead.
It will then be shown in the next chapter that these quanti-
ties can be accurately extrapolated to many other two-
material combinations by interpolating over atomic number.
4.4.1. Calculation of the Interface Energy Buildup Factor
and the Scattered Energy Flux Albedo
The energy buildup factor at the interface between the
two layers is obtained by applying the energy buildup factor
definition to the discrete ordinates results for the scat-























This two-medium parameter, as calculated, can't be directly
extrapolated to other material combination with reasonable
accuracy; however, accurate extrapolations can be achieved
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(br b 2 ) = B £ (b 1 ) + a"(b 2 ) + [B E (b ] )-l] a^(b lf b 2 ) . (4.7)
As will be shown in the next chapter, the scattered energy
flux albedo, a (b,,b
2
), can be extrapolated to many other
material combinations. This two- medium parameter is evalu-
ated for all the two-material combinations of water, iron,
and lead by rearranging equation (4.7) to yield
% (b l' b 2 }
B
E
(br b 2 ) - B E (b 1 ) - a"(b 2 )
B-(b\) - 1 (4.8)
It should be noted that the scattered energy flux albedos,
as calculated from the above expression, have values ranging
-2 -1
in order of magnitude from 10 to 10 while the buildup
factors in this equation range in order of magnitude from
10 to 10 . This indicates that third place accuracy in
the interface and single-medium energy buildup factors can,
on the average, be expected to provide, at best, first place
accuracy in the scattered energy flux albedos. At first
glance, the resulting inaccuracy appears to be a shortcoming,
however, it must be remembered that the scattered energy
flux albedos are calculated and tabulated solely for the
purpose of providing a means to accurately extrapolate inter-
face energy buildup factors. When equation (4.6) is
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employed for this purpose, it can be seen that, in reverse,
first order accuracy in the scattered energy flux-albedo
provides third place accuracy in the extrapolated interface
energy buildup factor.
4.4.2. Calculation of the Energy Flux which Scatters
in the First Layer but not in the Second Layer
In Chapter 3, the energy flux which scatters in the
first medium but not the second medium, I (b,+b
? ), was
normalized and expressed in terms of a truncated Legendre
expansion of the angular energy flux at the interface be-


















< bT b 2>
M (b) dE (4.9)
where I (b,,b
?




) is the scattered energy flux at the interface,
Mp(b) = P[E.
? (b)J, E . ~ ( b ) is an exponential integral of
order j + 2, and b = u
?
(E)x«. Note that b f b~(E ). The
Legendre expansion coefficients, I (b,,b
?
,E) for £ = 1,2,... ,5,
are obtained in 20-group structure from the discrete ordin-
ates calculations while the attenuation coefficient data
are obtained from the tabulations of Storm and Israel .
These discrete quantities along with the exponential inte-
grals in M (b) must be expressed as functions of energy in
order to perform the indicated integration in equation (4.9).
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A computer program called NINT was developed by the
author to express the integration variables as functions of
energy and then numerically integrate equation (4.9). This
program utilizes a least-squares polynomi al -curve-f i tt i ng
routine to approximate and express the attenuation and
Legendre expansion coefficient data as polynomial functions
of energy. In formula notation, we have




















where g and h are the polynomial expansion coefficients,
and the indices j and k indicate the orders of the polynom-
ial expansions. (The curve fitting routine was limited to
12th order expansions.)
The exponential integrals occurring in M (b) are ex-
it
pressed as functions of energy by first approximating E,(b)
and then using a recursion relationship to determine the
higher order exponential integrals in terms of E-,(b). The
following Rand approximation for E-^b) 1- -1 is accurate to
at least one part in a million in the range 1 b < 110:
2 3
-b a n + a, b + a b +b




c Q + c-j b















The higher order exponential integrals are obtained by re
peated use of the recursion formula
E
n








With the integration variables expressed as functions
of energy, equation (4.9) is integrated in NINT with a nu-
*
merical integrating subroutine called CADRE (Cautious
Adaptive Romberg Extrapolation). The two-medium parameter
I (b
n
+b ) is evaluated in this manner and tabulated in
n I 2
Appendix C for all of the two-material combinations of water,
iron, and lead; three source energies (1, 3, and 6 MeV); and
40 different mean free path combinations.
4.4.3. Calculation of the Scattered Energy
Buildup Factor
c
The scattered energy buildup factor Bp(b-,,b,p) was
defined in Chapter 3 as a two-medium parameter which gives
the buildup of the scattered energy flux at the interface as
CADRE is a CDC 6500 system library program of the
Computer Sciences Center at Purdue University.
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it traverses the second medium. In formula notation,
su ssP u (b 1+ b ? ) + I"(b 1 +b p )
B|( bll b 2 ) = L-lj-r u (b 1+ b 2 )
(4.14)
where I (b,+bp) is the energy flux which scatters in both
layers and I (b,+b
2
) has already been evaluated. There is
c c
no need to evaluate I (b-,+b
? )
because the scattered energy
buildup factor is simply calculated by rearranging the two-
medium buildup factor formula to yield















(br b 2 )-l] I^
u (b 1+ b 2 )
(4.15)
Br(b-,,b
2 ), like all of the other two-medium parameters in
equation (4.15) is evaluated and tabulated for all of the
two-material combinations of water, iron, and lead; three
source energies (1, 3, and 6MeV); and forty different slab
thicknesses.
4.5. Determination of the Two-Medium Dose Buildup Factor
Of all the different buildup factor forms, the dose
buildup factor is perhaps one of the more useful to shield
designers, since many shield systems are designed to limit
dose rate. In this section, the two-medium dose buildup
factor will be evaluated by exDressing it in terms of the
previously determined two-medium energy buildup factor.
This approach has been chosen because it allows the two-
medium dose buildup factor to be calculated without evaluating
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a new set of two-medium parameters.
Consistent with the single-medium definition of dose
buildup, the two-medium dose buildup factor is defined as
the ratio of total dose rate to the dose rate resulting











r (E) I S (b 1+ b 2 ,E) dE
u
air (E ) I u (b,+b 9 )o en v o' v 1 2'
(4.16)
where y is the energy-absorption coefficient for air, and
I (b-.+bp,E) is the scattered energy flux spectrum at the
outer edge of the second slab. Multiplying and dividing the
numerator in equation (4.16) by the scattered energy flux





























































,E)/I ( b -. + b p ) "is the normalized scattered energy
flux spectrum which is tabulated in Appendix C. The integral
in equation (4.18) which represents the average value of
ft 1 K* ft 1 Y*
the quantity u (^)/ij (E ) is evaluated in terms of the































where the average energies E-, group widths AE. and group
ft 1 Y*
"^
averaged energy absorption coefficients of air u (^-j) are
tabulated for the 20-group structures of 1, 3, and 6MeV in





(V b 2 > = i [b ( b 1+ b 2 )-i] ^'/u;;'(e ) (4.20)
Using equations (4.19) and (4.20), the two-medium dose build
up factor, B (b,+b
? ), and the normalized, average energy-
absorption coefficient of air, U /u (E Q )» are calculated
and then tabulated along with the two-medium energy buildup
factor in Appendix C.
*
The group averaged energy absorption coef f i c i en£|-i




PRESENTATION AND DISCUSSION OF RESULTS
5.1. Description of Tables and Figures
Almost all of the results obtained in the preceding
chapter are presented in tabular form in Appendix C. A se-
lected portion of the tabulated information is also reproduced
in graphical form in Appendix D. It is intended that the
graphical representations be used primarily to facilitate
visualization and analyzation of the extensive collection of
tables. The purpose of this section is to present the cal-
culated results and to aid the reader in wading through the
lengthy collection of tables and figures.
Buildup factors and the parameters in the two-medium
buildup factor formulation form the bulk of both the tables
and figures. For convenience, a summary of the tables which
defines the tabulated quantities and indicates their location
and order of arrangement is provided at the beginning of
Appendix C. The same procedure is employed for the graphical
representations in Appendix D. In general, the two- medium
buildup factors and parameters have been evaluated and tabu-
lated for all of the two- material combinations of water, iron,
and lead; three source energies (1, 3, and 6 MeV) ; and slab
thicknesses of up to five mean free paths of the first ma-
terial followed by up to eight mean free paths of the second
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material. The calculated results for any one of the two-
medium quantities are grouped first by source energy and
then by material configuration. Within this scheme, the
paired material combinations are arranged by the increasing
order of their atomic numbers with the material in the second
medium taking priority over the material in the first medium.
For example, application of this arrangement scheme to all
the paired combinations of water, iron, and lead yields
1. Iron- water (26 - 6)
2. Lead-Water (82 - 6)
3. Water-Iron (6 - 26)
Lead-Iron (32 - 26)
Water-Lead (6 - 82)
Iron-Lead (26 - 82)
This somewhat unusual arrangement was chosen to emphasize
and later utilize the important fact that most of the two-
medium quantities are similar in both magnitude and shape
for configurations with the same material in the second layer
Appendix D presents a small number of tables of Appen-
dix C in graphical form. These plots are not intended to re-
place the tables but rather to show how the results change
with source energy, material configuration, and slab thick-
ness. Being more specific, the reproduction limitations for
graph size and grid-line detail are not compatible with the
The atomic number of water is taken as six for both
arrangement and interpolation purposes.
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conditions for accurate reading of the graphs. It is there-
fore anticipated that the reader making serious use of these
results will want to plot his own curves for purposes of
interpolation.
5.2. Aids in Applying the Results
When energy or dose buildup factors for two-layer slabs
of water, iron, and lead are required, they can be obtained
from the corresponding tables in Appendix C (Tables C.l -
C.32). It will probably be frequently desired to apply
these results to practical problems which differ in several
aspects from the calculated results. Source energies may be
different' or the two-layer media may differ in thickness or
material from those tabulated. In addition, other buildup
factor forms such as energy absorption may be required. For
use in such problems, the given results must be interpolated
or extrapolated. Some of these manipulations are quite
obvious and need no further discussion. For example, the
simplest extensions involve obtaining buildup factors for
different source energies and slab thicknesses. In these
cases the tabulated results are plotted and directly inter-
polated. In contrast, the extension of these results to
other material combinations is quite involved because two-
medium buildup factors can't be directly extrapolated with
reasonable accuracy. However, as will be shown in Section
5.3, accurate extrapolations to other materials can be
achieved by employing the two-medium buildup factor
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formulation which was derived in Chapter 3.
When other buildup factor forms are desired they can be
obtained in terms of the energy buildup factors by using the
calculated results for the normalized, scattered energy flux
c c
at the outer edge of the second slab, I ( b, +b
?
, E )/ 1 (b-,+b
? )
(Tables C . 6 2 - C.93). For example, consider the energy-
absorption buildup factor which is defined as the ratio of
total energy-absorption rate to the energy-absorption rate
which results from the unscattered flux. With this defini-




















2 }M en v o ' o
(5.1)
where u is the energy-absorption coefficient for the ab-
en ^ J
sorbing medium. It should be noted that when the absorbing
medium is air, the ene rgy- abso rpt i on and dose buildup factors
are identical. It is therefore not surprising that the pro-
cedure for evaluating the energy-absorption buildup factor
by expressing it in terms of the energy buildup factor is
identical to the procedure for obtaining the dose buildup
factor which was given in Section 4.5. Thus,
B.^+b,) = 1 + [B
r
(b, + b 9 ) - 1] y /y (EJ , (5.2)A 2 L E 1 2 en M en o
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and where the average energies E. and the group widths AE.
are tabulated for the 20-group structures of 1, 3, and 6 MeV
in Tables C.59 - C.61 .
<
5.3. Extrapolating the Calculated Results to
Other Two-Material Combinations
The two-medium buildup factor formulation was derived
and set forth in Chapter 3. This formulation will now be
used to obtain buildup factors for two-material combinations
other than those of water, iron and lead. For convenience,


















































The reason for expecting these formulas to provide accurate
extrapolations where direct interpolation of the desired two-
medium buildup factor fails is made clearer by examining the
two- medium parameters in equation (5.4). In this formula
there are three, two- medium parameters which must be evaluated
for other material combinations before the two-medium buildup





U (b 1+ b 2 )
- The scattered energy buildup factor,
- The energy flux which scatters in the
first layer but not in the second layer,





(br b 2 ) - The energy buildup factor at the inter-
face between the two slabs.
The first two parameters, B
p
and I u
, are tabulated in Appen-
dix C and plotted in Appendix D for all of the two-material
combinations of water, iron, and lead. The plots show that
these two-medium parameters are slowly varying functions of
the first layer and smoothly varying functions of the second
layer. Closer scrutiny of these figures reveals that the
curves for each of the quantities have the same shape for
different first layer thicknesses and/or materials. In other
words, the curves for all the two-layer configurations having
the same material in the second layer differ only by a cons-
tant. With this type of functional behavior, it is reasonable
to expect that both B;l and I su can be accurately extrapolatedE J
to other material combinations by interpolating over atomic
number. Moreover, it is obvious that these quantities can be
^ery accurately interpolated to two-layered slab configura-
tions with materials in the first layer other than those
cal culated .
In contrast, the third two-medium parameter, B
E
(b,,b2)
is strongly dependent on the material and thickness of the
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first layer. Furthermore, this quantity cannot be directly
extrapolated to other material combinations with reasonable
accuracy; however, accurate extrapolations can be achieved
by using equation (5.5). In this formula, the influence of
the second medium on the interface energy buildup factor is
represented by the albedos for both unscattered and scattered
energy fluxes. The unscattered energy flux albedo is nothing
more than the albedo for a monoenerget i c , normally incident
photon source which has been evaluated in the open litera-
r 5 "i
ture. However, for convenience, this quantity has been
recalculated and tabulated in Table C.55 for three source
energies (1, 3, and 6MeV) and five materials (water, alum-
inum, iron, tin, and lead). During the process of calcu-
lating the scattered energy flux albedo, it became evident
that this two-medium parameter could best be characterized
in terms of the unscattered energy flux albedo for a
finite reflecting medium. Therefore, the ratio, R(b,,bp),
of scattered to unscattered albedo is tabulated along with
the scattered energy flux albedo in Tables C.56 - C.58. One
of the outstanding features of these results is the rapidity
with which the albedos assume their maximum value with re-
spect to the thickness of the reflecting medium. A re-
flecting medium of two mean free paths is, for all practical
purposes, equivalent to an infinite medium. Hence, these
albedo results have been tabulated only for reflecting
medium thicknesses of one and two mean free paths.
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In formula notation, the ratio of the scattered to the
unscattered energy flux albedo is given as
a. (biibo)
R(b,.b 9 ) = (5.6)
1 2 ' u
^h ^
Substituting this relationship into equation (5.5) yields
B
E
(br b 2 ) = B E (b 1 ) + a"(b ? )
+ [B^b^ - 1] R(br b 2 ) c^(b 9 ) .
(5.7)
s
The advantage of extrapolating R instead of a , to other ma-
terial configurations becomes apparent when one observes that
this ratio varies only from a value of one to four over the
entire spectrum of calculated results. This advantage,
coupled with the fact that the albedo contributions to
Br(b,,b ) are relatively small, can be expected to yield
highly accurate extrapolations for the interface energy
buildup factor.
5.3.1. The Extrapolation Technique
Before describing the procedure for extrapolating build
up factors with the two-medium buildup factor formulation,
it is desirable to first define the sets of two- material
combinations for which the extrapolation technique is applic
able. They can most effectively be delineated in terms of
In Section 4.4.1, it was pointed out that the albedos




Z-, and Z ? , the atomic numbers of the materials in the first
and second layer respectively. Using this terminology, the
range of two-material combinations between water (Z = 6) and









Within the limits of this complete set, eight distinct sub-
sets are defined and herein considered. These eight ranges
of material interpolation, as set forth in Table 5.1, have
been chosen so that the extrapolation technique may be applied
to and evaluated for most of the two-material combinations
of interest in shield design. The extrapolation technique
will be described in the remainder of this section and eval-
uated in Section 5.4 by establishing accuracy limits for
each of the ranges of interpolation.
The manipulations and methods employed to extrapolate
the tabulated results can be most easily illustrated by
changing the arguments in the two-medium buildup factor form-
ulation. The mean free path variables in these formulas
actually represent slab thickness anr1 material dependence,
where the material dependence is accounted for with an atten-
uation coefficient. In this section, slab thicknesses will
be held constant and material dependence will be expressed
in terms of atomic number. Specifically, the independent
variables b, and b
?




medium buildup factor formulas, equations (5.4) and (5.5),
are rewritten as
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are the atomic numbers of the materials in the



















































The two-medium buildup factor is extrapolated with equations
(5.9) and (5.10) by interpolating the calculated results
s s ufor the quantities Br, I , and R. More precisely, these
two-medium parameters are linearly interpolated over atomic
number with a general set of formulas. For convenience, the
linear interpolation formulas are presented along with the
ranges of material interpolation in Table 5.2.
A working knowledge of the above described extrapola-
tion technique can be achieved by applying the formulas in
Table 5.2 to a few specific problems. For example, consider
the case of a 3-MeV photon source with four mean free paths
of tin followed by two mean free paths of water. This two-
material combination lies within the first interpolation
range of Table 5.2. Therefore, the linear interpolation
f ormu 1 a
,
X(Sn4,H 9 02) = X(Fe4,H 9 02) +
Z
^




(text continued on page 71)
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Table 5.2. Summary of the Extrapolation Technique.
I. The Two-Medium Buildup Factor Formula
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E
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) represent any of the following two-medium
parameters :
1. B|(zr z 2 )
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A. Single Interpolation Ranges






X(z r 6) = X(26,6) + ^-^ LX(82,6) - X(26,6)J


















) = X(82,6) + ^76 [X(82,26) - X(82,6)J
4. 6 < z, < 26, z 9 = z(Fe) = 26











) = X(6,26) + gl-^g. [X(6,82) - X(6,26)]




= z(Pb) = 82
V 6X(z
1
,82) - X(6,82) + ^i-g- [X(26,82) - X(6,82)]
B. Double Interpolation Ranges






X(z lf z 2 ) = X(z r 6) + ^jhrg- [X(82,26) - X(82,6)]
where X(z,,6) is obtained from formula (1)
6 < z, < 26, 26 82
V 6X(z r z 2 ) = X(6,z 2 ) + ji-g- [X(26,82) - X(6,82)J




is used to interpolate the two medium parameters Br, r









Values for the bracketed quantities are obtained from







Substituting these values into equation (5.12) yields
;^(Sn4,H
2
02) 2.31 3 + |g- [2.256 - 2.313]
2.289 (5.13)










02) = 5.406 x 10~ 2






02) = 5.406 x TO
-2
+ || [6.45 x 10~ 2 - 5.406 x 10~ 2 ]
= 5.854 x 10
-2
(5.14)
Likewise, with the values
R(Pb4,H
2
02) = 1.82 and R(Fe4,H
2
02) = 3.35
obtained from Table C.57,
24(Sn4,H
2
02) = 3.35 + ~ [1.82 - 3.35]
= 2.694 (5.15)
The interface energy buildup factor for this problem is given
by equation (5.10) as
B r (Sn4,H 9 02) = B c (Sn4) + a






where the single-medium buildup factor and the unscattered
flux albedo obtained from Tables C.54 and C.55 are









Now, with all of the two-medium parameters evaluated, the
two-medium energy buildup factor is calculated with the aid
of equation (5.9). That is,
s
. EV -„-r f M 2



















which is the desired result.
A in aterial extrapolation problem requiring double in-
terpolation can be illustrated by considering the case of a
3-MeV photon source with four mean free paths of tin followed
by two mean free paths of aluminum. This two-material com-
bination lies within the seventh interpolation range of
Table 5.2. Thus, the linear interpolation formula for the
two-medium parameters Br, I , and R is given as
X(Sn4,A12) = X(Sn4,H
2




where the parameters denoted by X(Sn4,H 9 02) have been inter-














where Bp(Sn4,H ? 02) has been interpolated in the preceding
example and the values of the bracketed quantities are given
in Tables C.36 and C.37 as
B^(Pb4,Fe2) = 2.126 and BJ? ( Pb4 , H 2 02 ) = 2.256.
Substituting these values into formula (5.20) yields
B^(Sn4,A12) = 2.289 + |q [2.126 - 2.256]
= 2.244 . (5.21)
c II
Again, the same interpolation formula with I (Sn4,H
?
02) =
5.854x10 obtained from the preceding example and with
I
su (Pb4,Fe2) = 7.22xl0" 2 and I
^
u
( Pb4 , H
2
02 ) = 6.452xl0
-2
ob
tained from Tables C.46 and C.45 gives
I^
u (Sn4,A12) = 5.854xl0" 2 +
^Q [7.221x1 O
-2




02) = 2.694 obtained from the pre-
ceding example and with R(Pb4,Fe2) = 1.73 and R(Pb4,H
2
02)
= 1.82 obtained from Table C.57,
R(Sn4,A12) 2.694 + ~ [1 .73 - 1 .82]
2.662 (5.23)
The interface energy buildup factor for this problem is given








(Sn4) - 1] R(Sn4,A12) a"(A12) (5.24)
where the single medium buildup factor and the unscattered
flux albedo obtained from Tables C.54 and C.55 are
B r (Sn4) = 2.642, and a"(A12) = 0.023
Thus
,
B c (Sn4),A12) = 2.642 + 0.023 + ( 1 . 642 ) ( 2 . 66 ) ( . 023 )
= 2.765
. (5.25)
The two-medium energy buildup factor is now evaluated by




















which is the desired result
5.4. Discussion of Accuracy and Comparison of Results
In order to use the results of this work it is neces-
sary to have some idea of the expected range of error in
both the calculated and extrapolated results . There are
obviously many sources of error in a work of this nature.
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Some of them are inherent in the computational methods while
others are due to data inaccuracies. It is convenient to
classify these sources of error in two categories:
1. Errors resulting from incorrectly solving the
Boltzmann transport equation.
2. Errors occurring in extrapolating the calculated
results (especially to other two-material combina-
tions).
In the first category we seek to determine how well
the chosen computational methods solve the transport equa-
tion by considering the sources of error and comparing the
results. A major goal of this work is to establish defini-
tive accuracy limits for the calculated results. In par-
ticular, it is most important to verify the discrete ordin-
ates results. The importance of this is made clear when one
recalls that most of the parameters in the two- medium build-
up factor formulation were obtained from the discrete ordin-
ates calculations. Furthermore, the extrapolation technique,
as set forth in Section 5.3.1, will be evaluated later by
comparing the extrapolated results to corresponding discrete
ordinates calculations for a number of two-material combina-
tions.
Perhaps the best method of determining the accuracy of
the discrete ordinates results would be to compare them to
corresponding experimental results. However, for many
reasons, some obvious, this was not possible. In searching
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the literature, the author only found an inadequately small
number of experimental results for two-layered slabs. '
On the other hand, if a large number of experimental results
existed or if they could be easily obtained, there would be
no need for this work. It goes without question, that an
undertaking to experimentally verify the calculated results
is beyond the scope of this work.
In the absence of experimental results, it seems rea-
sonable to verify the discrete ordinates results by compar-
ing them to results of other computational methods found in
the literature. Here, one finds that the bulk of photon
attenuation calculations have dealt with single-layered
media. However, a number of calculations for multiple lay-
ered media have been carried out. Some of these of particu-
lar importance to this work are listed in Table 5.3 along
with the method of solution. A relevant feature shared by
the results of all of these works is that their accuracy
is estimated to be at best 10%. A considerable amount of
computing time and effort has been expended in this work to
calculate, as accurately as possible, the attenuation of
photons in two-layered media. In particular, the discrete
ordinates calculations were carried out with the expecta-
tion of obtaining results which are accurate to within five
percent. It is obvious that the discrete ordinates results
cannot be verified to this accuracy by comparing them to
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With this in mind, the results of the works listed above
will not be used to establish definitive accuracy limits on
the discrete ordinates results. Instead, some of them will
be included in the comparisons of Section 5.4.2 with the in-
tention of enhancing the credibility of all results in this
work .
Without experimental results or calculated results
which are accurate enough, verification of the discrete or-
dinates calculations to within 5 percent accuracy is primar-
ily dependent on comparing these results to the results ob-
tained fro id the stochastic calculations of this work. In
comparing the results from these two independent methods of
solution, it is necessary to consider the sources of error
inherent in each of the methods, paying particular attention
to those sources of error which are common to both methods.
More precisely, errors which are common to both m ethods of
solution must be quantitatively estimated before any mean-
ingful conclusions can be obtained from the comparison of
resu 1 ts .
5.4.1. Sources of Error in the Calculated Results
Many possible sources of error are found within both
methods (discrete ordinates and stochastic calculations).
Thus, it may be helpful, before discussing them, to list
these sources of error and to indicate the methods of solu
tion in which they are found:
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1 . statistical errors (stochastic method)
2 . biasing errors (stochastic method)
3. mesh interval spacing (discrete ordinates)
4. angular quadrature scheme (discrete ordinates)
5. group averaging of cross section data (discrete
ordinates)
6. truncation of Legendre expansions (discrete ordin-
ates )
7. cross section data inaccuracies (both methods)
8. omission of coherent scattering (both methods)
9. omission of flouresence radiation (both methods)
10. omission of bremsstrahlung (both methods).
In this section we will first briefly consider the sources
of error which are not common to both methods of solution.
Here, it is only necessary to show that the resulting inac-
curacies are small because the total effect of these errors
on the attenuation calculations will be accounted for by
comparing the results of both methods. On the other hand,
it is necessary to consider, in detail, those sources of
error which are common to both methods. Therefore, the bulk
of this section will be devoted to quantitatively estimating
the inaccuracies resulting from common sources of error.
Stochastic methods, by definition, provide probabilis-
tic solutions. It is therefore meaningless to present sto-
chastic results for a quantity of interest without specify-
ing the statistical variance. (Statistical variance is a
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measure of dispersion about the mean value.) In the sto-
chastic calculations of this work, the variance has been
estimated in terms of fractional deviation. Specifically,
a statistical model was developed and used in Section 4.2 to
express the fractional deviation as a function of the number
of histories. With the resulting formulation, equations
(4.1) and (4.2), the number of histories for each of the
stochastic calculations was chosen large enough to limit the
fractional deviation to within 2 percent. It should be noted
that the statistical model, as set forth, does not account
for the effects of biasing. The stochastic code PUGT II
uses a particle weighting technique to analytically account
for photoelectric absorption. The statistical variance is
obviously reduced with this type of biasing. However, the
resulting decrease in the fractional deviation cannot be
easily determined. It is the authors belief that the frac-
tional deviation is less than 1 percent for all of the build-
up factor results obtained from PUGT II. In any event, it
is known to be less than 2 percent.
The next four sources of error, numbered three through
six, are pertinent only to the discrete ordi nates calcula-
tions. All of these have been dealt with in Section 4.3 and
Appendix A. As shown in the discrete ordi nates derivation
code
This is the only type of biasing used in the PUGT II
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of Appendix A, the definition of a finite-difference phase
space mesh and the subsequent approximations involved in
integrating the differential equations over the mesh consti-
tute the major sources of error. A great deal of work has
been done to establish criteria for determining adequate
, . , [58,65,661 t, . .
angle, energy, and space meshes. J The discrete
ordi nates calculations of this work comply with these cri-
teria in all cases .
The error resulting from the group-averaging of cross
section data is, of course, closely related to the energy
mesh. It follows that in-group energy dependence can be
more accurately estimated for finer group structures. The
multigroup constants, as defined in Appendix A, can be
exactly determined only when the weighting functions (i.e.,
in-group energy dependence) are exactly known. In practice
these weighting functions are not precisely known and they
must be estimated from similar results of other works or
from calculations with finer group structures. In this work,
infinite-medium flux spectra from Reference [1] were used as
weighting functions to provide the required multigroup con-
stants. However, when the flux spectra, as calculated with
this group-averaged data, differed significantly from the
infinite medium tabulations, the cross sections were re-
weighted with the calculated flux spectra.
The remaining approximation which is only relevant to
the discrete ordinates method is the truncated polynomial
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expansion of the differential scattering cross section. In
general, the degree of anisotropic scattering dictates the
order of the Legendre expansion required to achieve accurate
results. Experience has shown that the most severe aniso-
tropy, which results from Compton scattered photons with
energies less than lOMeV, can be adequately resolved with a
[23]
P ,. or P c expansion.
5 6
With this in mind, a P. Legendre
expansion was used for all of the discrete ordi nates calcu-
lations in this work.
The listed sources of error which are common to both
methods of solution can be categorized as follows:
1. Omission of photon interaction processes which
are assumed to have a small effect on the calcu-
lated results.
2 . Inaccuracies in the cross section data.
The subject of photon interactions has been treated at length
in the literature. ' ' -* Many of the more detailed
treatments indicate that even in the restricted range from
20Kev to lOMeV, the number of processes by which photons
interact with matter is quite large. It is beyond the scope
of this work to present an extended description of these
various interaction processes. Moreover, it is unnecessary
since, as indicated, this area has been excellently covered
in the literature. However, for the readers convenience,
a listing of the various interaction processes which indi-
cates their relative importance in attenuation calculations
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is presented in Table 5.4. This listing was reproduced
from Table 5.1 of Reference [27].
Both the discrete ordinates and stochastic calculations
herein account for all of the primary interaction processes
(photoelectric effect, pair production and Com p ton scatter-
ing). However, these calculations only account for one of
the secondary reactions (annihilation radiation). Here, we
shall be concerned with quantitatively estimating the effect
of neglecting the remaining interaction processes which are
assumed to be of small importance (coherent scattering,
fluorescence radiation, and Bremsstrahlung).
Coherent Scattering . In the primary interaction pro-
cess of Compton scattering, the electrons are considered to
be unbound. In reality, they are bound to the atom. The
binding makes little difference in the predictions for
Compton scattering; however, it does make coherent scatter-
ing possible. That is the scattering of photons by the
electron cloud of the atom. In this interaction process,
the recoil momentum is taken up by the heavy atom. There-
fore, the photon experiences almost no change in energy and
yery little change in direction. In fact, it has been
demonstrated that for lMeV and higher energy photons, deflec
tion angles are less than 2 ° in aluminum and less than 4°
in lead. -• In proportion to the total absorption coef-
ficient, coherent scattering is most important for middle Z
elements (Z = 25-75) and energies below 500Kev. At higher
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Delbruck or potential scattering




Radiative corrections to lower order processes
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energies the cross section falls of rapidly because the
binding effects are negligible. Further proof of the small
importance of coherent scattering in shielding calculations
is found in Reference [1]. Here, calculations both includ-
ing and omitting coherent scattering were performed and the
results differed by only a few percent.
From the above discussion it seems reasonable to neglect
coherent scattering. However, it should be neglected in
the correct manner. The angular distribution of scattered
photons, as obtained from the Kl e i
n
-Ni shi n a formula, does
not include coherent scattering. If this interaction pro-
cess is then included in the attenuation coefficient data,
the resulting effect is equivalent to treating coherent scat-
tering as an absorption process which it is definitely not.
This is the reason that attenuation coefficients without
coherent scattering have been used throughout this work.
Fluorescence Radiation . This interaction process re-
fers to the emission of characteristic x-rays and less ener-
getic photons by an atom subsequent to the ejection of
atomic electrons in the photoelectric effect. More precisely,
x-rays of relatively low energy are given off when free
electrons fill the electron vacancies created by the photo-
electric effect. The effects of fluorescence radiation are
most pronounced for low source energies and high Z materials.
However, even in these cases, the intensity of this radia-
tion is usually less than 1% of the intensity of the
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radiation producing the original photoelectric effect. In
fact, according to Reference [70], the fluorescence radia-
tion contribution to dose rate from a 500 Kev source in lead
is less than 2%. Hence, it is obvious that the omission of
fluorescence radiation has a negligible effect on the cal-
culated results in this work.
Bremsstralung . Bremss trahl ung are gamma-rays produced
when charged particles are decelerated in the atomic electric
field. The effects of this interaction process are most
pronounced for high-energy photons (greater than 5MeV) in
heavy materials such as lead. It has been customary to as-
sume that bremsstrahl ung are of little importance for source
energies below lOfieV. However, recent works'- » ^ have
incorporated theoretical models for bremss trahl ung into sto-
chastic calculations and shown that the effects of this
interaction process are quite significant for source ener-
gies of 6 MeV or higher. Dutton 1- -1 has considered in de-
tail the effects of Bremsstrahl ung for photons of 6MeV and
lOMeV in slab shields of iron and lead. His results clearly
indicate that inaccuracies resulting from the neglect of
bremsstrahl ung in the 6 MeV calculations of this work could
be as large as 6% when iron is the material in the second
layer and 20% when lead is the material in the second layer.
*
r 73lRecent experimental results'- J have also confirmed
that the effects of bremsstrahl ung are quite significant
for source energies of 6 MeV .or higher.
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Fortunately, Dutton has presented his results in such a
manner that they can be utilized to correct the 6-MeV results
of this work. Specifically, a portion of his results are
presented in terms of bremsstrahlung contributions to the
total flux spectra (Figures 20, 21, 22, and 25 of Reference
[71]). With these results as a basis, the following method
has been devised to approximate the effect of bremsstrahlung
in the 6-MeV results of this work.
In what follows, let a prime sign (') denote quantities
which have been corrected to account for bremsstrahlung and
let C. denote the correction factor for the energy flux in
the ith energy group. Then the normalized scattered energy
flux spectrum at the outer edge of the second layer which
has been tabulated in Appendix C is corrected to account for















for i = l,2 20 (5.27)
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S (b 1+ b 2 )
where E. is the average energy of the ith group and the
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Specif i c a 1 ly,
ctors C. are obtained from Reference [71]
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B. When lead is the material in the second layer
1 . C. = 2.0 for 0.0 < E.
_< 1.4
2. C = 1.5 for 1.4 <E.
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3. C . = 1.0 for 2.6 - E
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(5.28)
This quantity is actually evaluated in terms of the 20-group
structure of the 6MeV calculations. That is
20







where the average energies E., and the group widths A
E
are
given in Tables C.59 - C.61. Multiplying and dividing
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where the normalized scattered energy flux spectrum has al




In Section 4.5, the two-medium dose buildup factor was
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This quantity is also corrected to account for brems strah-
lung by again using the brems strahl ung corrected scattered
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Before estimating the increase in accuracy which re-
sults from these corrections, it should be mentioned that
Dutton's results are for isotropic sources in single-layered
slabs whereas the calculations in this work are for mono-
directional sources in two-layered slabs. These inconsis-
tencies can be placed in perspective by referring to the
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energy flux spectrum tabulations of Appendix C. In par-
ticular, it can be seen that the lower energy portions of
the flux spectra are quite insensitive to the material and
thickness in the first layer. Furthermore, the tabulations
of Reference [1], indicate that there is not much difference
in the spectra for isotropic and monodi rect ional sources.
It is therefore reasonable to expect the above-described
method of accounting for bremsstrahlung to provide some i in -
provement in the accuracy of the 6-MeV results. A conserva-
tive estimate would be that the existing inaccuracies are
reduced by 50%, thereby limiting the uncertainties resulting
from the omission of bremsstrahlung in the 6-MeV calculations
to 3% when iron is the material in the second layer and 10%
when lead is the material in the second layer.
The final source of error which is common to both
methods of solution involves inaccuracies in the microscopic
cross section data. The status of cross section data is
still changing, and it is possible that the cross section
tabulations used in this work^- ' * may be in error by as
much as 5%. This uncertainty obviously results in large
errors for such quantities as dose rates and energy fluxes.
For example, at 10 mean free paths, a 5% change in the total
1/2
attenuation coefficient results in a 65% change (e ) in
the unscattered flux. On the other hand, normalized flux
spectra and buildup factors which represent flux ratios
are known to be relatively insensitive to small changes in
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the microscopic data. An estimate of this insensitivity
can be obtained by again referring to Reference [1] where
calculations both omitting and including coherent scattering
were performed. For the case of a 4-MeV source in iron, the
cross section data with and without coherent scattering
differ by up to 1% for energies above 200 kev. However,
the corresponding moments method results differed by less
than 4%.
5.4.2. Comparison and Verification of the
Cal cul ated Resu 1 ts
Both discrete ordinates and stochastic methods have
been employed in this work to calculate, as accurately as
possible, the attenuation of photons in two-layered slabs.
It is the purpose of this section to verify the tabulated
results by comparing dose buildup factors from these two
independent methods of solution to each other and to cor-
responding results from the following references:
1
.
Invariant imbedding calculations of Shimizu,
Reference [11].
2. Monte Carlo calculations of Bowman and Trubey,
Reference [10].
3. Empirically fitted Monte Carlo calculations of
Sharp and Carnesale, Reference [12].
Before presenting the results of this comparison it should
be noted that quantities of interest from the above listed
references are claimed to be accurate to, at best, 10': and
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that these results represent the more accurate of those
found in the literature. One of the major goals of this
work is to establish definitive accuracy limits for all of
the results. Moreover, the discrete ordinates calculations
were carried out with the intention of obtaining results
which are accurate to within 5%. It is obvious that results
which are accurate to, at best, 10% can not be used to ver-
ify accuracies to within 5%. Therefore, the results from
the above listed references have been included in the com-
parisons only for purposes of enhancing the credibility
of this work. Without results from other works which are
accurate enough, definitive accuracy limits will be estab-
lished by comparing the results from both the discrete
ordinates and stochastic calculations of this work. This
procedure can be expected to yield reliable accuracy limits
because errors common to both methods of solution have al-
ready been quantitatively estimated.
More than 600 buildup factor comparisons have been
carried out to evaluate differences between the ANISN and
PUGT II results of this work and the corresponding results
from the above listed references. In general, dose buildup
factors were compared for two-layered slabs of water, iron,
and lead; gamma-ray source energies of 1, 3, and 6 MeV; and
shield thicknesses of up to five mean free paths of the
first layer followed by up to eight mean free paths of the
second layer. The results of these comparisons have been
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expressed in terms of deviations with respect to the dis-
crete ordinates dose buildup factors, and summarized in
Table 5.5 by presenting maximum and average percent differ-
ences along with the number of comparisons made for each
of the given configurations. In general, buildup factors
from this work agreed best with those of Shimizu, Reference
[11]. As shown in the summary, the maximum differences are
all less than 10%, the accuracy that Shimizu has placed on
his resul ts
.
In order to further characterize general trends in
these comparisons, some of the more representative results
are plotted in Figures 5.1 through 5.5. In line with the
summary, the plots illustrate the consistently good agree-
ment between the results of Shimizu and this work. More-
over, these plots provide some insight to the relatively
poor agreement between the results of this work and the
Monte Carlo results of References [10] and [12]. In this
case, they indicate that the maximum differences occur at
the larger mean free path values where statistical approaches
are known to be less accurate.
In establishing definitive accuracy limits it is most
important to measure the differences between the results of
the discrete ordinates and stochastic calculations of this
work (ANISN and PUGT II). The comparative summary in Table
5.5 reveals that dose buildup factors from these independent
methods of solution differed by less than 1.5% for all of
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comparisons. Moreover, it should be noted that over 90% of
the results differed by less than 1%. These remarkably
small differences unequivocally substantiate the conclusion
that sources of error which are not common to both methods
of solution are negligible; furthermore, by taking these
differences into account along with the discussion on common
sources of error, the results of this work can be verified
to the following accuracies. With the exception of the
6-MeV results, energy flux spectra and buildup factors, as
tabulated, are conservatively estimated to be accurate to
within 5%. The 6-MeV results are known to be less accurate
because both methods of solution do not account for brems-
strahlung. In fact, it was shown that the inaccuracies re-
sulting from the omission of bremsstrahlung could be as
large as 6% when iron is the material in the second layer
and 20% when lead is the material in the second layer. Be-
cause of these inaccuracies, a method of approximating the
effects of bremsstrahlung was set forth in section 5.4.1,
and shown to reduce the existing errors by 50%. When cor-
rected, the 6-MeV energy flux spectra and buildup factors are
believed to be accurate to within
1. 5% when water is the material in the second layer,
2. 7% when iron is the material in the second layer,
and
3. 12% when lead is the material in the second layer.
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5.4.3. Verification of the Extrapolated Results
The procedure for extrapolating buildup factors with
the two-medium buildup factor formulation has been presented
in Section 5.3 along with the eight ranges of material
interpolation. In this section, energy buildup factors for
a number of representative material combinations are calcu-
lated with the two-medium buildup factor formulation and
compared to corresponding results from discrete ordi nates
calculations. In order to use these comparisons to estab-
lish reliable accuracy limits, it is necessary to choose
two-material combinations for which the extrapolation tech-
nique is known to
#
be least accurate.
In general, quantities which characterize photon trans-
port in material media are mainly determined by the varia-
tion of the attenuation coefficient with energy; moreover,
materials of similar atomic number have attenuation coef-
ficients which display similar energy dependence. With
this view in mind, it is reasonable to expect that the
extraplated results will be least accurate for materials
with atomic numbers which differ significantly from those
of water, iron, and lead. For example, consider the fifth
range of material interpolation,
z, = 6 , 26 < z~ 82
Within this range of interpolation, the extrapolation tech
nique should be least accurate for the element tin with
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atomic number 50 because most other materials of interest
in this range will have atomic numbers closer to either iron
or 1 ead
.
In line with the preceding discussion, the two material
combinations which were chosen for the comparative calcula-
tions have atomic numbers that lie in the middle of the
interpolation ranges. These representative two- material
combinations are categorized by applicable interpolation
range and listed in the comparative summaries, Tables 5.6,
5.7, and 5.8. The percent differences, as given in the
summaries, represent the maximum deviation between the ener-
gy buildup factors which were calculated with ANISN and
those which were obtained with the two-medium buildup factor
formulation. In order to characterize general trends, the
comparative results for two- material combinations in which
the largest differences occur have been plotted in Figures
5.6 through 5.9. Both the summaries and the figures demon-
strate that the largest differences occur in the fifth and
seventh interpolation ranges where the materials in the
second layer range in atomic number from 26 to 82. (Even
in these ranges the differences are at most 5%.) The fact
that these two ranges of interpolation consistently produce
the largest differences can be explained by referring to
Section 5.3 where the functional behavior of the two-medium
parameters has been analyzed. In particular it was shown
that the two-medium parameters, B^ and I^ u , are slowly vary-
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functions of the second layer; moreover, a detailed examin-
ation of the plotted results reveals that the curves for
each of these two-medium parameters have the same shape for
different first layer thicknesses and/or materials. Hence,
it is reasonable to expect the extrapolated results to be
least accurate for interpolation ranges which encompass the
largest variation in the atomic number of the material of
the second 1 ayer .
The differences, as set forth in the summaries, clearly
indicate that errors resulting from obtaining buildup fac-
tors with the two-medium buildup factor formulation are
1. At most 5% for two-material combinations which lie
in the fifth and seventh interpolation ranges,
and
2. At most 2.5% for two-material combinations which
lie in all the other interpolation ranges.
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6. CONCLUSIONS AND RECOMMENDATIONS
6.1. Conclusions
The theory of photon transmission and buildup in two-
layered slabs has been investigated and set forth in this
work. As a result, the two-medium buildup factor has been
analytically expressed in terms of single medium buildup
factors and parameters which in turn can be characterized
as functions of atomic number. It should be noted that the
two-medium parameters in this formulation are not empirical,
but rather they are directly related to the basic physics
of transport phenomena in two-layered slabs.
In applying the two-medium buildup factor formulation,
we assume that the single medium buildup factors and albe-
dos are available and then seek to determine the two-medium
parameters. These quantities have been evaluated by using
ANISN, a discrete ordinates code, to calculate the attenua-
tion of photons in two-layered slabs of water, iron, and
lead. In the process of tabulating and Dlotting the results
it was observed that the two-medium parameters are slowly
varying functions of the first medium and smoothly varying
functions of the second medium; moreover, a detailed exam-
ination of the plotted results (Appendix D) reveals that
the curves for each of the two-medium parameters have the same
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shape for different first layer thicknesses and/or materials
Because of this functional behavior, these two-medium
parameters have been accurately extrapolated to a large num-
ber of two-material combinations by simple linear interpola-
tion in atomic number.
Energy and dose buildup factors for more than 15 dif-
ferent two-material combinations have been calculated with
the two-medium buildup factor formulation and compared to
corresponding ANISN results. These comparisons clearly
indicate that the errors resulting from obtaining buildup
factors with this formulation are at most 5%. The unique
feature of the method and results herein described is that
buildup factors can be accurately hand-calculated using
fairly simple formulas for most of the two-material combin-
ations of interest in shield design. In fact, the major
limitation on the number of materials which can be investi-
gated is the lack of single medium data.
6.2. Recommendations
The methods and results of this work should prove to
be useful tools of the shield designer, especially in the
area of determining the optimum two-material combination
for a given application. Future development and improvement
should therefore be aimed at extending the application of




At present the two-medium buildup factor formulation
has been applied only to normally incident photon sources
with energies up to 6 MeV. in order to consider higher
energies, it is necessary to accurately account for the ef-
fects of bremss trahl ung on the parameters in the two-medium
buildup factor formulation. This can be accomplished by
modifying the discrete ordinates code ANISN to include the
contribution of bremss trahl ung . One possible method of
including theproduction of bremsstrahlung in a discrete
ordinates code is to treat this generation process as a
pseudo-scattering event. In so doing, the angle and energy
dependent differential cross section for bremsstrahlung can
be handled in the same manner as the Kl ei n-Ni shi na formula
for Compton scattering.
Extension of the two-medium buildup factor formulation
to other source configurations such as plane isotropic and
oblique incident sources is both natural and straightfor-
ward. In particular, source configuration differences show
up as differences in the expressions for the unscattered
flux terms; therefore, definitions for the two-medium
parameters, as well as the methods for calculating them,
remain the same because these quantities are functions only
of the scattered flux.
In verifying the extrapolated results, it was shown
that errors resulting from obtaining buildup factors with
the two-medium buildup factor formulation are larger for
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material interpolation ranges which encompass the largest
variation in the atomic number of the material in the sec-
ond layer. Specifically, the largest errors (5%) were con-
sistently found to occur in the fifth and seventh interpola-
tion ranges (see Tables 5.6-5.8) where the materials in the
second layer, range in atomic number from 2 6 to 82. The
error in these interpolation ranges could be reduced by 50%
by calculating and tabulating two-medium parameters for
the following material combinations:
1 . Wa ter-Ti n
2 . I r o n - T i n
3. Lead-Tin
In so doing, errors resulting from obtaining buildup factors
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A.l. Derivation of the Discrete Ordinates
Transport Equation [74]
The general Boltzmann transport equation describing the
*




- ft <D (r, E,ft) + Z T (r, E,S) = S (r, E, ft) (A.l)
where E, is the total macroscopic cross section, 4>(r, E, ft)
is the angular flux in terms of particles per square cm per
second per unit energy and per unit solid angle,
$ • ft <p (f, E, ft) represents the loss rate due to leakage
from the phase space cell (dV dE dQ), Z
T
4>(r,E,ft) represents
the loss rate due to collisions in the phase space cell,
and S (r, E, ft) represents the sum of the sources; that is
S (r, E, ft) = inscattering source + fission source
+ independent generating source.
Equation (A.l) is usually obtained by considering the causes
for particle increases and decreases in the differential
The development given in this appendix will apply to
both neutron and gamma-ray transport; therefore, the word
particle will refer to either neutrons or gamma-rays, and




phase space cell dV dE d q. In words, the terms of equation
(A.l) represent the following:
LEAKAGE + INTERACTIONS SOURCES
In a completely analogous manner, the discrete ordinates
formulation of the transport equation can be arrived at by
considering the events causing an increase or decrease in
the number of neutrons contained in a finite difference
cell. A derivation for one dimensional geometries is given
following the definitions of the coordinate system used and
the group neutron flux averages.
A. 1.1. Coordinate Systems
The coordinate systems used in the description of the
discrete ordinates equation are in rectangular, spherical,
and cylindrical geometries and are shown in Figure A.l.
Distances from the origin are given by the variable r-, with
i representing the spatial mesh interval index for the dis-
tance r. The cell orthogonal surfaces at distances r- and
r. , are denoted by the terms A. and A.,,; and the volume
l+l J i l+l
enclosed between r. and r.,, is denoted by V
. , ,
, the sub-
l l+l J i +£
'
script { denoting the center of the cell.
Angular distributions are represented with discrete
directions. The solid angle ft associated with each direc-J m
tion is specified by a direction cosine p and a weighting
function w which is proportional to the surface area sub-
in
r r
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Energy groups are specified by the group index g with
the group having the smallest subscript corresponding to the
1 a rges t energy .
A. 1.2. Distribution Function Averages
g-1
The group average angular flux cj> (f,$) is given as
<!>
g
(r,$) = <0(r,E,^) dE (A. 2)
Several averages of <$> are needed to derive the discrete
ordinates transport equation. The mathematical justifica
tion for these averages is embodied within the mean value
theorem of calculus. First, the average of $ over the
volume V.
,












<f> (r,$) dV dfl. (A. 3)
n
m
Then, the average of <j> over the surface area A. and the
solid angle Q.m is defined asm








(r,$) dA dfi (A. 4)
Finally, the average of <p over the cell volume and over the




J l + i
a
(r,$) da (A. 5)
m-i
A formal definition of the redistribution coefficient a,
which accounts for the loss of neutrons due to angular re-
distribution in curvilinear coordinate systems, will be
given later. The averages for the group flux
<f>
given above
are conceptually displayed in Figure A. 2.
A. 1.3. The Discrete Ordi nates Formulation
of the Transport Equation
A flow balance for a finite difference cell will be de-
rived in terms of the flux averages given above. The loss
rate due to leakage from the face of the phase space cell






i.l *g,i+l,m (A. 6)
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r.
i + l
Figure A. 2. Average Fluxes for Group g
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Equation (A. 6) represents the total exit current in the
direction Q from the face A.
+
, of the cell. The net loss






i + l *g,i+l,m " A i g.l.m^ (A. 7)
In a similar manner, the net loss rate by leakage from the
interfaces of the direction cell is
a i+i,m+i ^g,i+i,m+i a i+i,m-i 4> g , i + i , m -
(A. 8)
In the process of a particle traversing a curved (cylinder
or sphere) mesh interval the cosine of the angle associated
with the direction of neutron travel is constantly changing.
The a terms in equation (A. 8) account for the loss rate
which results from this angular redistribution.
The particle loss rate from collisions in the phase
space cell is given by the product
in ^g ,i + i i + i g,i + i,m (A. 9)
where z - +1 is the group and space cell averaged macroscopic
total cross section. Finally, the average source is defined









S (r.ft) dV d ft . (A. 10)
The discrete ordi nates form of the transport equation







i + l *g,1 + l,m " A i ^g,i,m }
+ a
m+i,i+i <1> gr1 + i,m+
- a
m-4,i+l ^g,i+i,m-i + w 7 V . (bm ^g,i + i i + i p g,i + i,i
w v
.
. . S ...
in l + £ g , l + 1 , m (A. 11)
For convenience, the centered subscripts are omitted. Then
equation (A. 11) for each group g becomes
w n(A
1 + l d> 1 + l
- A
i
* ) a m + i ^m + <f>,
+ wzVct)-wVS (A. 12)
The angular redistribution coefficient is associated
with ray-to-ray transfer in curvilinear coordinates and can
be further described by noting that the net angular redis-
tribution must be zero. In other words, angular redistribu
tion does not create or destroy particles. This condition
put on a requires that the sum of the terms in equation
(A. 12) over all the discrete directions must equal zero.
That is,
MM
v (um+i 4>m +
m=l
" um-i Vi)




In order to meet this condition on the two limit (or end-
point) values, aMM+ , and a,, are set equal to zero. Second





,• ) > equation (A. 12) reduces to 7.$ - S. Then it
fol lows that
l
m + i m-j in <V A.l (A. 14)
With a, = 0, equation (A. 14) provides a recursion relation-
2




therefore, equation (A. 14) shows that for this case all the
i
' s are equal to zero. This result follows from the fact
th'at there is no angular redistribution in plane geometry.
In curvilinear coordinates A.
+
, does not equal A.; however,
it follows from equation (A. 13) that the m sum of equation








Equation (A. 15) represents a constraint which the quadrature
set used to specify the set of discrete directions U mustr J
m
satisfy. This is another way of saying that the quadrature




A. 1.4. Equivalence of the Discrete Transport Equation
with the Boltzmann Transport Equation
It is now necessary to show that the discrete ordi nates
form of the transport equation approaches the analytic form
of the Boltzmann equation as the f i n i te -d i f f
e
ren ce phase
space cell approaches differential size. Dividing equation
(A. 12) by w V gives
^
(A
i+l *1 + 1 "
A





+ vjjj = S . (A. 16)
In plane geometry as the space and angular mesh intervals
approach differential size the variables w du and V dx
Then equation (A. 16) becomes
3x }
= S (A. 17)
which is the form of the Boltzmann transport equation for
one-dimensional plane geometry.
In spherical geometry as the space and angular mesh
2intervals approach differential size, w * du , V * 4 it r dr,
2
and A -> 4-nr . The first term in equation (A. 16) then be-
comes
( 4TTr
j + 1 flj-H ~ 4Tir i ^i }
2






A relationship for the change in a with respect to du is
given by dividing equation (A. 14) by w V. The result is
U(A 4X1 - A,)(m+i a , 'i + 1
w V







Integrating equation (A. 20) with respect to u yields
+ C (A. 21)
where C is the constant of integration. Because a vanishes
at the ends of the u interval (u,,M+i = ot , = 0) where u = ± 1 ,
the constant C evaluates to 1/r.
After multiplying equation (A. 21) by <t> and then taking
the derivative with respect to v, the resulting expressions
are
M = 1 n





V 3u 3p [(1 - /) *] (A. 22)
The left side of equation (A. 22) is just the differential
form of the second term in equation (A. 16). Therefore, us






1 ^- [(1 -
r Su
LV u ) <jj • (A. 23)

Thus, equation (A. 16) becomes
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k_ 3 (r jfel + 1 L_ r (
!
2 ar r 8u LU ) <j)] + Z<|> = S (A. 24)
This is the analytic (short) form of the Boltzmann equation
in spherical geometry, where the source term S has yet to
be evaluated.
A. 1.5. Evaluation of the Source Term
The source term is in actuality three separate source
terms as f ol 1 ows
:
S g,in,m = S (^scattering)/ .
+ S (independent)/
g , i + j ,m
+ S (fission)/ .
in
(A. 25)
The analytic form of the inscattering source term is
f
E' ft'
Ejr.E'-E.fi'-n) <fr(r,E' ,ft"' ) dE 1 dft'/ n , + 1g , i * , m
(A. 26)
where £ (r , E ' -»Eft*' -*ft) is the scattering cross section for
changing the incoming energy and direction E ' , ft* ' to the
outgoing energy and direction E,ft. The integration is over
the incoming directions and energies. The fundamental
assumption in the discrete ordinates method is that this in
scattering integral can be approximated by a quadrature
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scheme which evaluates the integral as the sum of a discrete
distribution. In one dimensional geometries a Gaussian
quadrature scheme can be used to provide the discrete dis-
tribution, with discrete direction cosines corresponding to
the Gaussian zeros.-
The differential scattering cross section can be approxi
mated by a truncated Legendre series expansion in the cosine







where the Legendre expansion coefficients, o
_ „ ( r , E ' -+E ) , are
S £
given by






( Uq ) dy Q
(A. 28)
The scattering angle \j is related to the initial and final
angles y' and u by the addition theorem for Legendre
Polynomials. For one-dimensional plane and spherical
geometries the relationship is simply
P
£
(U ) = PA,') P £ (y) (A. 29)
Substituting equations (A. 27) and (A. 29) into expression
( A












"""/g.m. Ill (A. 30)
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The multigroup transfer cross section is now defined as
h-1









£ (u') dE' d w
h-1
d)(r 5 E' , y ' ) P„( u
'
) dE 1 d,
(A. 31 )
Substituting this definition into equation (A. 30) and repre
senting the integration over E' by a summation of group











( r , E )
h = l
p (u) y (r,p') P £ ( y ') dp'/ •
(A. 33)
The generalized Gaussian quadrature formulas, as pre-
sented in Reference [41], can now be used to approximate the
integral in equation (A. 33) as the weighted sum of a dis-









where the direction cosines u correspond to the roots of
the orthogonal polynomials used to generate the discrete
weights w and the index N represents the order of angular
quadrature (S
N ), i.e., the number of discrete directions.
The discret-e ordinates form of the inscattering integral is
obtained by substituting the quadrature formula given by
equation (A. 34) into equation (A. 33) and then performing the
integrations which correspond to the subscripts g , i +£ , and
m. The resul t is
L
" 2 £+1 D / ,
L




















B • 1 • The Relation between the Lattice Model and the
Integral Transport Equation
The exact relation between Boltzmann equation and re-
currence relations which define random walks is given by
E. Guth and E. Inonu!- 75 -' In Appendix 2 of the article*- 76 ^
a discussion of the transport equation for particle colli-
sion density is presented. Here we try to formulate the
problem of gamma-ray transport through matter considering
the probabilistic model on which we have based our sampling.
It is usual to assume that particle-particle interac-
tion may be ignored. This is a good assumption in most
radiation transport problems. It leads to a linear equation
and allows us to discuss one particle at a time in our form-
ulation. The random walk performed by each photon is de-
scribed in terms of its collision with atomic electrons and
nuclei. Between successive collisions it is assumed that
the gamma-ray travel in straight line with constant energy.
It is further assumed that the expected number of collision
per unit distance is constant. This constant, called linear
attenuation coefficient, depends only on the energy of pho-
ton and the material through which the photon is travelling.
Reproduced directly from Appendix A of Reference [55].
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For this analysis we will be concerned only with the steady
state condition of photon transport, i.e., time independent
problem where no transient conditions exist.
In the model considered, the space is assumed to be
filled with a cubic lattice and gamma rays are sampled at
[54]
the lattice points. 1- J There are all together 26 allowed
directions of motion for gamma rays. We define the location
of any lattice point by a vector r..., the direction of the
motion of photons by u , and its energy by E. The motion
of photons can be described by the following quantities.
i> n
(r-., , it m ,E) = Expected angular density of
+" h
photons entering their n collision at r . .
,
1 J K
per unit volume per unit energy at E, moving
in direction, 5 > per unit solid angle.
m J
Xn^ijk' L"m ,E ) = Ex P ected angular density of
photons leaving their n collision at r . . , per
1 J K
unit volume per unit energy at E, moving in
direction, n , per unit solid anqle.
m
It should be pointed out that the energies and directions of
the are in general not the same as for the v
*n • n
The random walk of photon consists of a succession of
collisions and subsequent traversal of a free path. We de-
note by P ( r
i
. j . k i
-*
^ijk» fyy, 1 "* &m • E ' -* E ) » the probability
density that a step changes the state of (r. ,.,.,, Q .,E')
I J K
into a unit interval at (r...,fi ,E). It is convenient to
I J l\ 111
factor the above kernel into two functions, one dealing with

139
changes in the spatial coordinate, the other with changes
in the energy and direction coordinates.
p <Vj'k'* fijk-V-V E '- E) " K<Vrk"VV E '- E >
r ... -r .,.,,, I /d





r .,.,,,+ h d , E ) d ]M
v
1 j k m m ' m
J
6 (
r ijk~ r i 'j'k 1
r
ijk" r i 'j'k'
m
(A.l)
where K(r.,.,, ,,Q ,+fi ,E'+E), the Kl ei n-Ni shi na formula




»E') to (ft ,E) per unit interval ats \ m i \ m / K
(ft , E). The exponential function represents simply the






any collision. d is the lattice spacing in the directionJ m
of motion, m. The 6-function represents the fact that pho-
tons travel in straight line between any two successive
collisions, with no change in direction and energy.
In calculations the sampling is made from the normal-
ized probability distribution. Let us define the collision
kernel C( r .,.,,, ,ft, -*-ft ,E'->E) as the expected number of
I J K III
photons leaving the collision per unit solid angle at ft
,r m
and unit energy at E for a photon entering a collision at
(r.,.,,,,!! ,,E'). The relation between the collision kernel
j k m
and the Kl ei n-Ni shi na formula is
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u (r. ...... E ' )
C(r,, ,.,,,, ,fim ,-nm ,E'-E) =






The first term of equation (A. 2) represents the probability
that a scattering collision has occurred and the second
term is the normalized probability distribution for scatter-
ing. Similarly, we can define the transport kernel
T ( r .,.,,,, -»-ft ..,, fi ,E) as the expected number of the next
l j k ljk m
collision per unit volume at r... for a photon leaving a
l j k K











Q ,E) is the normalized transport probability distribution
m
r J
and can be found simply by multiplying the second term of
equation (A.l) by the linear attenuation coefficient,
u(r ijk> E).
r ijk- r i'j'k' l/d m
T( r .,.,,, -*r ..,, ft ,E) = u ( r . .
,
, E ) E x p [ -v ijk l j k ' m' ' v i j k ' ' KL
q =




+ qft d ,E)d ] 6 (-^ 1 >J KM m m' ' m J v . -|r ijk" r i
'
j'k
fl ) (A. 3)

141
From equations (A.l), (A. 2), and (A. 3) one obtains,
P ( r . , . i ,, i -»r . . ., n -$ ,E'-*E) = [y ( r .,.,,,, E ' )v
i ' i k l i k m m ' ' L
M x




i j'k'^ F Tjk'"m» E)
y(r ijk ,E)
(A. 4)
In a random walk problem we ask in general for the state
(r,. ,,fi,E) of photon reached after n steps. On the other
i j k m
hand the Boltzmann transport equation gives us the total
collision density, ty (r-. . ,ft , E ) , regardless of the number
of steps to reach that state. More precisely
ip ( r . . , , fi , E ) =y v
l j k m '
1 i m
7 \b ( r . . . , fi , E )L y n v i j k m '
n = l
It is interesting to note that using Boltzmann theory, we
lose some information, in that knowledqe of tf> is more in-
n
formative than the knowledge of V. It should also be
pointed out that \\j is a quantity denoting the average be-
havior of photons in the medium, while from the random walks
of photons we can obtain information as to the fluctuation
and variation from the expected value. Similarly,
* (
"




x ( f . . . , n , e )A
n
v
l j k ' m' '
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Where x an d tp were previously defined. We note x by the
source S(r... ,ft , E). Considering the definition of ^ , x >
and denoting the lattice volume by v, for photons entering
st





i j k ' m' *• A n
v




-ft. .. ,fi ,E) Av
l j k ' m '






C(? • .. ,fi ,+ft ,E'+E)Aft , AE'v ijkm m ' m
(A. 5)
(A. 6)
for n = 0, 1 , 2, . .
.
By summation over all n, and using the definition of
X. ty, and x previously defined, one obtains
ip(r...,fi , E) = y y{r .,.,,, Jl , E ) T( r .,.,,, +r ... ,ft. E )Av ,
l j k m L A i j k m i j k ljk m
i 'j'k'
and similarly,
x(r ijk ,^,E) = I
(A. 7)
w,(r . .. t n i ,E' )
^
v
l l k m '
E'
C(r...,fi ,+ft , E'+E)Aft ,dE'+S(r. .. Ji ,E). (A. 8)x ijk'm m ' m 1 v i jk m
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X can be eliminated between the equations (A. 7) and (A. 8),
to obtain
vv
i j k ' m' ' L L











C ('r i'j'k" f2m'^m' E^-T ("r i'j'k'^ijk'^m' E ) dE, ^m' Av
+ )" S(r. ,.,.,, fi , E) • T(r .,.,., -*r. ., ,fi ,E)Av. (A. 9)L ljkm v ijk i j k m ' '
1 • j ' k
'
The photon flux, <$>{r. .. ,fi ,E) is related to the colli-
si on density by a very simple relation,
d, ( r . . , , ft ,E) = u(r...,E) <t> ( r . . , , fi ,E)^ v n k m ' ' v i i k ' r i j k m ' ' (A. 10)
The transport equation for flux, <{> , can be easily ob-
tained by substitution of (A. 10) into (A. 9) and using equa
t i o n ( A . 3 )
,
<Hr...,fi,E) = y yx
l j k ' m' ' L L
m ' i ' j * k
'






,->r . .. ,fi .-ft ,E'+E)dE'Aft , Av
l j k ljkm m' ' m










The integral form of the Boltzmann equation now can be
written by substituting (A.l) and (A. 3) into equation (A. 11),
after summation over the 6-function, as follows
<b(r.
., ,£2 ,E) = J d [ y
s = m
4>(r . ., -sd Q ,fi ,E ' )
i j k m m m'
'
K ("r ijf 5W^V El ^) dE ' Afv
+ S(r...-sd B .fl , E)] Exd[- p(f...-s'd Q ,E)d ]ljk mm'm' /J ,L L v iik mm' / m J
s'=0
(A. 12)
It is interesting to note the similarity of the above
equation to the familiar form of the integral transport
[221
equation 1- , except for that in the equation developed
space and direction of motion of photons are discrete quant
ities. This is the basic assumption of the model used in
this work. In the limit, a lattice distance, d -+0 and
' m
Aft +0 implying that the number of lattice points and direc-





C . 1 . Tables of Results
The tables in this appendix are arranged as follows
Energy and Dose Buildup Factors and C.l - C.32
the Quantity u /u (E ) for Two-H J H en M en v o
Layered Slabs.
Scattered Energy Buildup Factors,
c
Br(b,,bp), for Two-Layered Slabs.
c I I
Energy Fluxes, I (b-,+b




4. Interface Energy Buildup Factors,
Bp(b,,bp) for Two-Layered Slabs.
C.51 - C.53




6. Unscattered Energy Flux Albedos,
d"(b) .
C.55
7. Scattered Energy Flux Albedos,
s
a (br b 2 )
C. 56 - C.5;
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8. Mass Energy -Absorption Coefficients
of Air in the Energy Group Structures
of the Calculated Results.
C.59 - C.61



























O o O o o
CC 4- 4- 4- 4- +
II U_' u~ UJ UJ UJ
CM IA ^ «o ro m
00 CNJ on in r" ^-t
.—
t
cnj J ^c CO
— f~* ^-i .-4 ,-i
O —4 r -< —4 .-i
o o n o O
r- + + + f 4-
il uu uu UJ UJ UJ
(\; m <r •-i r\j vt
CO in CNJ or •n fV
r— t-4 f\j vf sO








o o o o o
sD 4- + + 4- 4-
II UJ UJ JJ UJ uu
(\| O O O CJ r<^
CO M (\j h a: vT
fO f- •— r\j -J-
© cr ^ h --
O O O —* —i
o o o o o
m + 4- + -t- 4-
II UJ UJ JJ UJ JJ
rv <- 'A -r -r o
< m :r cj to t-4 sO
.c cr m .O r-4 cnj
z: •o on o> r-4 .—
<
Gu-
ar o - j O o •—
*
fc—4 <_> i_> «~j V.J t. •
vT + + 4- •f +
II UJ Uj UJ 'J. 1 IU
_> (NJ •JJ r- «n s.') u^
o en in y^ O --I O
-J r- <T cnj <J .—4
•—4
.J u \ mU UJ tr> r~
4
cc O O O O o
>• o O CJ o o
o m •f 4- 4- +
(V ii IU UJ I. 1 UJ UJ
LU EM o < r-- r*» cnj
I"
rjQ »-< —J cr «c CO
uu *D r- a r-< ^T
00 4- +
II Uu U_' U,







O o o o o
r- + + + 4- 4-
II
UJ UJ UJ u_- JJ
(M vl- a «j0 in sT
03 _, r- ro ^-4 t






II UJ UJ 'JJ UJ uu





O O G O O
o c o o o
CO + + + + +
II UJ UJ UJ UJ UJ
rvj in so >o r— oo
co v* v^ vj- >r vj-
o o o o o
• • • •
o o o o o
o o o o o
r- 4- + + 4- 4-
ii UJ UJ UJ uu LU
CNJ in in *o r~ r*-
DJ •vt" Nt J- vt vt
o O o o o







o o o o o
o o o o o
vO + 4- 4- 4- -r
II UJ UJ UJ UJ UJ
(NJ •J- 'T\ o c |x-
-C <f •f 4- vT <r






s: o o , 1 . 1 —4 —4 o o o o o
—
1
o o o o o •i o o o o o
•» m 4- 4- 4- + 4- or in 4- + 4- + 4-
or n UJ Ul UJ uu U) UJ n UJ UJ UJ Uj UJ
Uj r\ • ir 1^- r>% — (J> <— (NJ r^ vT m m vO
k- CO in rvj o o CNJ < CO <r --} >j- •j- >r
<T r^i sO u .—
»













o o o o o _i or o o c o CJ
*y CJ l-> ^J o CJ •—i v-> u v.; v> i—
— vj' 4- *> + 4- 4- vf 4- 4- t- + +
II UJ uu UJ UJ U' o
II UJ U-l UJ Uj u. 1
0. (\l in CM w m o C\l (NJ rr* ro nT u
_.) m o r\j r~ CJ^ m LU ro <r nT <T >T «T
o cr C\l in u^ —4 ' ' CJ C_J O (_J O
_l








rn O o O O CJ <T3 CD o o o Q o
o o o LJ O 3- o c o o o
UU m "f 4- 4 4- 4-
S_
m 4- + 4- +
oo ii UL' UJ UJ u UJ n li. UJ UJ UJ uu
n r\l >n O —4 CM o •r- C CNJ o »-J «—
1
CNJ CN)Q CO L.'^ o *T st) <r 03 OJ SO •*r vT >r vT nT
r*- s t—4 >T CO 1 ^ o o o O o
<r m vo co cr- \t- IA S 0O O t—< —4 ,—( ^-4
O O C_j O O
o o o o o
(NJ 4- 4- <• 4- 4-
|| UJ U. Ui UJ u.
(NJ O T (O K "1
CO O <f — vj1 ' O
in u"^ -jj r- cv
m >T IP «o f«-
O o c CJ O
o 3 o o r_5
^-4 4- + 4- 4- 4-
M UJ IL UJ Uj JJ
("J f»- CO a C-) Q
CO 4—1 >0 r- a.' •J"
-£» »J- r^ c^ -.'
• • • • •
rj (Tl «t in vO
hH ^4 (NJ ro Vj in
cQ
o o o o o
o c o c o
(NJ + + 4 4- +
II UJ U,1 UJ UJ Uj
cnj «o (N oo r- o
co in co co -jj ro
>o <o r— o^ cnj
i*n >r ir> co
o o o o o
o o o o o
~4 + + 4- + +
II UJ UJ UJ UJ UJ
r\j (nj vC cnj v0 rj>
i.1 N <} O M -•
sO in m ir sC
• • • • •
M (C| >f lf\ JJ
r-4 —4 f\J f<V xt in
ro
o o o c c
o o c o o
CNJ
-f 4- 4- 4- *
II UJ 'JJ Uj JJ UJ
cnj r- co co co ao
00 fl (A (A (^ (O
o o o o o
o o o o o
o o o o o
—< 4- 4- 4- 4- 4-
il UJ UJ UJ UJ UJ
(VJ \t P', (A rft M
CO m rn ^*> ro r<~i
o c~. o o o













































a: in + +
LU ii UJ LU
—
!\J < f> oc








C- 11 LU LU











> o OO m
* It I'J UJ
UJ (M CM oo



















































•- in *• +
a: II U_ UJ















Q- f\J u^ vU







UJ m + •f
LO ii LU UJ
























































OH in * +
LU ii LU IU
t— Cv n so









va- + +O ti UJ LU




i~ c —» i—i
fO O)















































O O O o o
CO 4 4 4 +
II UJ Uj LI UJ UJ
(M O cm v? o in
CO CO T O CO CO









o _| »-j *-4 ^-1
o o c n o
P- 4 4 + 4 4-








a .— - —t t—
1
c O o _ *-*
^~> o o O o
vO 4 4 4 4 f
II UJ UJ Uj •Jj LU
<\J vO a- O —t 7^
co co cr 'O <r —
i
O p- <r, ^ —4
7>




.-< o o o o o
*• o c_> o o o
ct en 4 + + + +
LU ii UJ UJ iu UJ UJ
— cm O ''. PC m r-
< CO vf O CM c> no




o NO r~ CO CU CT
<




>T 4 + 4 + +
o._ II UJ UJ u. u UJ3 (NJ r\j *—
<
CM -u :\!
o CO sT CP rv #-4 f\i
_/ vX o r- CO ir
„> u \ >o VJ r— r^-
en O o O o Cj
>- O o CJ o CP
o m 4 4 4 + •»-
rv II ll IU u_ LU UJ
UJ CM c o r\j a rj->
7". CO UJ pn O r-t a-
UJ r\i CO "C cr rr\
vj- >r in vn «o
O o O c o
o c o c o
CM + 4 4 + +
II UJ UJ UJ UJ !JJ
(NJ nJ" >T r- ^-< cr*
CO m nj h~ c; LT
cm r» .-4 <3 o
m pn <! < •J-
o O o o Cj
o o o o o
-~t 4 + + + 4-
II UJ LU UJ UJ uu
.Psl in ^* o J- r«-
CO p- r- rO in -o
r\j «r O r*. \.*r
cm CM rn po r^
o O o O o
CO 4 + + 4 4-
II UJ LU UJ JJ LL
r\i ff\ —t CO P*. cc
CO ro «* vt sf >J-
^-t CNJ pP| •J- J^
—i —i r 4 t-4 «—
4
O ^ -J ^—i ^-J
o o o o n
p- 4 4 4 4 4
II UJ UJ LU 'JJ LU
CM V* CM —
i
cr f>
CO vt P- P~ m vT
p- o — ro m
o r-< -H ^ i—
(
e> o .— «-4 »«43 o O o o
o 4 + 4 4 4




CO cr vT o co vC
<\J —i o c —4
• • • • »




s. c O o o o
—
1
o o o o o
•h m 4 4 4 4> 4
oc: n UJ LU UJ LU' UJ
UJ ixi r f«- ^J rv —4
— CO ro 00 pri m o
< UJ vO <r t—
•
h-
JC • • • « •
1 o r«- CO a cr
a
<r o o o o o
UJ u t^> u <<j ^J
_i >r 4 4 4 4 4
n UJ LU LU LU U-i
a. rsj Ui —4 o- ro o
_j CO rvj C_J in p~ —4Q <J m LT •s rsj
_J • • • •
—
<
in >u >4J r- OJ
_J
23 O o o O oO o o o o
UJ PO 4 + 4 4 +
1/1 II UJ LU LU LL UJ





Q CO --' CO r- —< ~4
•J" l> in T-* o
• « • • •
>J <r ur> >o sT)
o o o o o
o o o o c
4 4 4 4 4
UJ LU LU LU UJ
p-
-J" >? CM ro
»—
i
f\l 0"- rn vi-
fO CO CM p- r~4
• • • * •
rn r >r s* in
-4 ^ M m .j- \r
no
o o o o O
C5 o o o rj
r—
1
4 4 + 4 4
II UJ LU UJ JJ LU
CM r** CM o- cc P-
_J t-i pn 0> m m
pn p- C5 vT r-
• • » 4
rv CM r^ m m
•—
<
r-4 PM r^ vj" ir>
£0
o O o b o
c o o o o
cu 4 4 4 4 4
II UJ u_ Uj UJ UJ
fM vT in LO LP in
CO 1" <f ^<- >J- -4-
O q O a f-j
o o o o n
o o o Cj a
p- 4 4 4 4 +
II IU UJ LU U UJ
CNJ vt <J in in m
CO >t -r n4 vP <•
ft t> o o o
• * • •
o o o o o
o o o o o
vO 4 4 4 4 +
II LU UJ UJ •JJ jj
CM >4- -r vf sfr vT






o o o o c
- o o o CD o
or. in 4 4 4 4 4
LU ii UJ LU LU Lu J_
>—
<\j rr\ <<- f< r— r^








>r 4 4 4 4 4





m »r < >T vT -T
* o o O CJ CJ
s_
r- C
r3 CD o o O O o
CI o o CJ o o
r- c
pn 4 + + 4 f
II UJ UJ 'JJ LU LL
rj











t • • •
o o o cj a
o o o o o
CM 4 4 4 4 4
|| IJ LU LU LU UJ
CM P- P~ P^ P- >0
co m ro rn p^ rn
o o o o o
o c o o o
o o o o o
—(44444
|| LU LU LU LU UJ
cm in xj- <p
-J- >r
CO m m ro ro r^
o o o o r;



























































































• in 4- +
Z- ii UJ UJJ t\j CJ C_)









Q. ii ui tu








o m + +
ry ii U.I UJ
UJ CM <M j*





























































» in •4- *
• n UJ UJ
T. CM ^ :r











CX CM' CJ sO










(^0 II LL' u



















































t m + +
2: ii UJ UJ
s> CM n m











o II UJ UJ
U.I CM r~- <4j
*—' CO CM CM
s_ • *




l_ ro •f -
r- c ii UJ UJ
rC QJ CM N- sO































































































• LA + +£ II UJ UJ
_J rv ti- c.^









Q II UJ UJ
_> AJ <-J CJ>
Q X f~- U
_J r- 17




o m + +
r^ ti U_ UJ
UJ (Nl LA r~





















































»• LA •- +
• II UJ UJ
;» A. f*- rf









_j <r + •
ll UJ UJ
a. rsi O CJ)





X O OO O
UJ ri
l/l il UJ UJ
r-l r\j -AJ vj


















































• IA + +
£ II UJ JJ
_J (Nl IT. if













o II UJ LLI
UJ AJ r- r—
'—' X CN (N!
<J <-J
S- • •





i- rri + +
r- CI II LL UJ



































Jj) .—< •—» •—1 «—
4
o o o a a
GO 4 444 -t-
II LLi LU LU LU UJ
f\J -< >o -O O ">
CO O •—' ro vC CO
O O »-» f\i "^
Cr> «—< •—' —* —
'
O O —< ^ —
'
o o c o o
r- • + 4 + +
H LU LU UJ UJ UJ
r\j ^ it s s r
X o ^* »-« ro vT.
fT> O O ~* f\l
r— s «—< t—< —
*
o © o —» —
<
o o o o o
vTj 4 4 4 4 4
II LU UJ U UJ 'JJ
rv o (\.i t y- o*
CC t^ M i\j -i ;fl
CO C> O C —
i
>
UJ vO N O w -i
i.
r-< O O O O r-l
^ o o o o o
2 IP + + 4- + 4-O " LU' LU LU LU LU
X CM CXJ vC JP r*» —
i
*-»4 ro cc ox vj- ip -\j
1 tu CO o- o o
or
LU la o r- 'J1 —»
—
< O O O O C3
-C l.^ v_-> i_j <*-> l .j
-y + + + + +
a H IL LU '.U LU L J
^> <\j f\i r\j r» —* aj
o o in u rJ h jj
_i o» o> cr cr u
*— • • * • f
_> >T Ut -4J r— U"
CD
o o o o o
>- o o o o oO f* > 4 4 4 4 4
rv II LU LL UJ LL LU
i_j '\i J N C -(: '\
Z co r- <:> <\i <r —
LU 00" ? ? u
«r >r lt. v0 co
o o o o o
o o o o o
rv 4 4 4 -«- 4
II dJ LU LU UJ LL
CM CO IT
-J" v0 »f
co -t ro (^ vO o



















|| LU LLi LL UJ LU
<M O O -f fVJ -O






O •—! —! f—
4
o o
o o o ro
4 +
|| 'JJ LU' LU LU LUMl in O IT ^
CO 'O o m n c































~* <T- J" LP
rr\ O












in ti r> aj lp
o o o o oO O CJ o o
r^ + + + +
!l UJ U' LU' LL1 LU
<Nl —
i
J \ h ^\
CO CLi —< O ^J O
vr lp so r~ co
o o o o o
o o o o o
fNJ +• + +• -f
II 11 LU Ul LU IU
fNJ <! f- c;-> <r O
















o o o o o
CO f 4- + •¥ +
II LU LL' LL UL LU
r\l vO O s£) •o o
03 flf^ ^ m r~\
o o o o C
• • • • •
o o o o o
o o o CJ o
r»- + + + "f
|| LU LU LU UJ 'JJ
(Nl vO sO O vO %o
CO r<^ ro r^ ro .-^







II LU LU L' J UJ LU
f\J vT -O




o o o o
o o o o
LP + + *
II LU LU LL'
f\J O





O C O O C
u u u i.' u
+ + + + +
L'J 'J. UJ LU LU
su <j vt) -a vu
rn fo r<^ ro
U o u u u




m 4- + +
II Ul LU LL
C\J «L O <)










II LU LU LLI
rvi
-JO »r; vo







ro >} ^r lp r- ro vj- ir> v0 ^-
o o o o o
o o o o o
—* + + 4 + +
|| UJ LU Ul LU UJ
r\i r- rsj lt. J3 -J




o o o o o
o o o o o
—( 4 4 4 4 +
|| LU LL' LU LU LU
CV —> rr ^i r^ rsj
CO rO O vj- O -J-
LP rr» (Nj f\J f\j
O O O O O
O O O O O
—* 4 4 4 4 4
II LL1 LLi LU UJ LU
r\i r»- vO lp lp lp
CC ro ro r<\ ro rO
r~> o r~, o o
(\j ro vt LP
-T' (\j r^ v?r LP vC
•—i •—• CM ro yj- lp
CO
—I r- (\i ro >j- LP
co

























o o o o c
00 4 4 + + 4
II LU X UL' Ul LU
r\i o o X >r CO
CD o «3- »—
<
X <r
x nJ" o o .—
*




O O O O —
o o o o o
f- 4-4 4-4 4
|| LU LU LU Li-1 Uv
CM X •— CO \S\ —
cO cr C r- •—> cm
in m rr* x o
r~ CC CC cr r-t
o e> o c_> o
o o o o o
sO 4- + + 4 4
II LU X LU LU LU
M r- f— o <f n
oc o -4 •*J" cm r
in CM CO
-J- r>
> • • • • t
LU X r- r- CO 00
3l
^ o o o o /***
^ o o C_) o x
2 m + 4 4- 4 4U ii IU LU LU' LU UJ





-r> 'JO r- <r r— x
1 X r~* f- C\J h-Q • 9 • • •
< in X -o r- r-
LU
-J c_> o o O o
c
i
KJ V_J i_j ^j
nT + 4 4 4 4
Q. II LU 1 | 1 JJ U ' i '
i-) rvj (JU o in •—4 CO
a X in o ~j X r\j
_j vU CM r- CM X
•—
-




o o O O C3
>- c_> o O o O
o m 4- 4- 4> 4- +
w n LU LU LL: x UJ
LU cm LT\ nJ" X CO •o
Z CD CO r- sT r*. r—
LU r- (\j r- —
'
\S\
rr\ >J- •T in in
O O o o r ^O o o o CJ
00 4> + 4 4- 4
II u IU LL' LU LU
IM m in m f~ r\J
X x o o r- fM
c* m CO .—
i
m





o o o o o
CO 4- 4 4 4- 4
II LU LU LU LU LU
rvj CO m cr o vOX v0 vj"
-t- f\J CO
o f- o l—t ~"
CO CT* '-4 —' —
*
O O O O —i
o o o o o
r- 4- 4 4 4 4-
|| LU UJ LU JJ LU
(% -j- it r- r- n*-
co ro sC o r\i ind in n n> o
» • • • •
r- cc cr a* .-4
OOODO
o o o o o
sO 4- 4 4 4- 4-
II UJ LU LU LU JJ
f\| X1 f\j r^ po rr\
co v0
-J- x o m
r- >t o vC rvi
-> O r- CO CC o
LU'
i. o o O o o
—
<
o o o o o
• in 4 f 4 4 4S n UJ LU LU JJ J-'
CJ rj .—
>
r-- -«'. r- ---
cr 23 m *G m cr ~*
—
*
f- m CT -J- o
1
• • • • •
o m O >0 r*- x>
<
LU o o o o CJ
_J u <*J u c^; k_;
«T + 4 4- 4- 4-
II u_ LU IX U. LU
^N f\l ^—4 r\i >D CT •—
_^ CO 0^ u* X CU m
o r- r<~. uu CO aj
_) • • t • •
•— -j- u \ U ^ >*; u
ID
CO o o o o c
CD CJ) o o CJ
LU m 4 4 4 4 +
CO li U.I LU LU X' XQ <M X. f\J X CT
XI x CT r^ csj





fn >j- »j- m x
o c^ o o o








C3 o o O oO o c ^> o
eo 4- 4 4 4- 4-
II X X X X X
r^ X X o X o
X m r^ r<" (^ -^
O o o o O
t • • • •
o o o o o
o o o o o
h- 4- 4 4- 4 4
ii X X X LU J-
CM X Xj X X X
X ro r^ r^ ^O r^
O O O O
o o o Q O
o o o o o
X 4- + 4 4 4-
II X 1 X X X X
(Nl X X X ^ X
X m ro r<* ro ~o






o c o ^-> o
•- o o o X o
2 n 4 4- 4 +• 4
CJ ii X X UJ X X
ac CM Ni v'" X- vC ViJ
•—
«
CO f^ r^ rc> m m












X o c o o o
V-J «x 1»J •^J <w»
<r + + 4 4- 4-
'
- n X U- UJ X Xo r\j X X X X X
UJ X r° f -* r~ m mX c^ X X CJ




tj cu o c_^ o o o
a. o o c^ o o
^^~ CO 4- 4 4- 4 4-
S-
II X LU UJ UJ a.
I— c (Nl X X X X X
fD 0J X m m r<- ro rn
1 X o o O O O
• • • • •
o o o o o
o o o o o
<\J 4- 4- + 4 4-
II X X X X' X
CM X X X X X
X m t«^ r~ m r>^
o o o o o
r~ rn m <j- -j-
O C O O O
o o o o c
r-4 4> 4- * 4 *
II X X UJ UJ X
cm r- CM cm '7- r-
fu co x rrv o> ao
—
< X X —« *3











X o X X
X r~
X
o o o o o
O O C3 O O
—• 4- v- 4
|| X LU X
cm r>- r- x







cm cm cm m C".
X
t-« cv rn vt X —* t-i rM en >j- inX





















o o o o
ft o o o
o o o o
r» + r- 4- r- 4- 4-
n UJ M UJ ii UJ UJ

























vO 4- 4- vC 4- 4 *c 4- +
ii UJ UJ II UJ UJ II uj a.









> * • • • J> • •
UJ LP o o> LP sC UJ •~t —*
ZL UJ 2L
~m* o o ^ o o .—
<
o o
•» o o _
1
o c_> *> o a
z lp 4- 4- •» LP 4- 4- 2 LP 4- 4-
—
1
ii UJ UJ m II LL LU »—
*
11 JJ LIJ
— rxi l\l CJ> —
.
r\j r— CC »— <N C
N
' )
1 CO CO LP 1— CO rO lP 1 CO >t vt
Cf CO r-
(
1 o rP a' O CJ
UJ » • ctf • « UJ • •
t~ •J- •o LU LP vO — <—t r~)
< — <^r
_£ C_> o «? CJ> o JC o o
u >w> 3"_ <w* K-> v-» w
>r 4- 4- <r + 4- vT 4- 4-
o_ ii UL UJ ii liJ I! ' '— ll IL UJ
„> r\j !_) CJ> p. rM rr\ 'P O cm <_> O
a CO vT CP _) CD p- P- UJ CO <r vj-




_J • • • t
Z3 < u> >J- u < s_ •—4 »—
CC JJ r- C
o O CO o O fd cu o o
>- o o o O ci (^ CJ
o ro 4- 4- UJ m + 4- **«* m 4- 4-
rv Ii UJ UJ bO H lu Ul s- it LU UJ
LU cm o o Cj rv X rn •i- c r^j O O
C? CO r—
<
























CM 4- 4- CM 4- 4- CM 4- 4-
II UJ UJ II UJ UJ II LU UJ






















.-•> 4- + —J 4- 4- »-l 4- 4-
II UJ UJ II U.I UJ II UJ UJ











































































































CO 4- 4- +
II UJ UJ X.
CM CO 3 CO
3 O
c o
a o ^ vO ^
f-i fA ^ N
UJ UJ
cm
r*i o*> ro fO >t
o n o o o
o o o o o
h- + + +
|| UJ UJ UJ LU oj
cm r> Qi r\j r-~ co
CO (Nj r^ r\i o —
<
CT —< vf sC rr
\ r" c M f^
33300
o o o o o
o + 4> + 4-
ii uu lu uj uj uj
(\j l-n O 3 sT CM
X in cm ^.1 *} —
<
r- O rv in <~o
• • t • •
cm co co m co
o o o o o
o 3 o o o
in + 4- + 4- 4
II UJ UJ Uj UJ UU
cm co vC vC 3 cr




t • • « •
r\j cm co co ro
o o o o o
C-> V-I <-J l_J <w>
sj 4- 4- 4 4- 4-
l» UJ UJ UJ UJ Ul
C\| m C_> in rr —
t iJ" o u -h co
C'i (^ u C I «J
t—
4
_J C\J <nj CO O) r«>
co 3 o 3 CJ CJ
>- o o o O CJ
o m V 4- 4- ¥ 4-
rV ii UJ UJ UJ UJ UJ
UJ nj rj O a ' _> r-
Z" CQ 3 co «o —
«
j\
UJ r\i in a.) rg LT»
cm <\i r\j ro ro
o o o O O
o o o o o
CM 4- 4- + 4- +
II UJ UJ UJ LJ LL.
CM vO CM o 0' o
CO cr sO <r r^ '<
o co r- "-* m
• e i * t
-' CM CM m CO
a O O O o
o O o O O
r-* 4- 4 4 + 4-
II LL' UJ UJ JJ UJ
cm cr o C* a c-
CO CO CM r- v* CNJ
r- CM >0 >—< O
O o O cr> O
o a o o o
00 4 -4- 4 4- 4-
il UJ UJ UJ U>< UJ
r\j vT r— CM h- m
CD r- —4 J^ » CM
r-l *? v0 CO —
i
• • t » •
t*s CA c-> r^ >f
o o C O O
o o O o o
r^ 4 4 4- +
ii UJ UJ UJ uu XJ
(Nj CO o —
<
s^" 00
CC cr- LfO o m o
O rxi IT r»- o
• • • • •
CM CO c^ r^ <r
& O C D O
o O c O o
>o 4- 4- 4 4- 4-
II UJ UJ UJ LU LU
CM rc h- r r- <f
CO —
i
X IT, ^ o
CO a -o v0 cr
J> CM CO '^-, ro C"i
UJ
a. O o O o o
•—* o o o o o
•i IT. 4 4- + 4 4
a II UJ UJ XI UJ UJ
<r Cj vT .T. r- o n
UJ CO r CM —
i
I-* o
_j >o c> CM tr\ cr
1 • •
• • •
cr. CM CM r^ CO rO
ai
»— O O O o O
<r LJ u v_; <~..> U
^ vT + 4- + 4- 4
II LU UJ IX' u. Ul
a CM CM r- CM o J-
_j
-f <r i/i r^ O 1 •—
"
o >r r-- O m r^
_j • # • • •
•—
•
(M CM m O 1 m
ZD
33 o O o O CJ
o O o o O
UJ cn + 4 4 f 4-
OO ii UJ UJ IX LX 'X'
3 CM »-< CM "O ^r <rQ arj •J" CU Cm ao vf
CM LO cr CM vO
cm fNl Cm ro ro
O O O O O
O O O O O
CM 4- + 4- 4- 4-
II UJ UJ IX' LX' 'JJ




O >J" CO CM O
•—< (Nl CM CO rO
<-" •-< CM CO >f LP
CO
<\l CM CM CO C*
o Q O O Q
o ^ o o o
—> + + 4 + 4-
II UJ UJ LXI LU UJ
CM X iT> •—
<
cr iTl
CO •x4 >o PO — f\|
en cm' r- CM r-
• • • • •
•-H CM CM CO CO
^-i «—
1
CvJ CO <* LO
X
& G O o OO o o o o
cn 4- 4- 4- 4- 4-
ii Uj IX IX UJ LU
CM ro p<~ rr\ m r^j
X rO r^1 rr\ CO 'O
o O <-~» 3 O
—
«
^^ ^-4 f—I _4
o o o r> o
o o o o o
r- + + 4 i- 4-
|| UJ UJ UJ UL' 'JJ
CM CO rr. rA rO «"»
1C r-'y r^ r<^ rr\ -rs
O O O O O
O f_; O O fc
O O O 3 C
.£> 4- 4 4-4-4
il UJ UJ LX UJ UJ
M O r<l fi r^ f"X CA rO CA rO CO





o 3 3 3 O
»• o O 3 3 3
o LO 4- 4- 4- 4 +
< II LU Ul UJ UJ UJ
L— <M *J" rA f* co co
—1 X CO m ~^ co CO











< O o 3 3 3
Jt <^j <..) >w» <-J v>
>r 4 4- 4 4- 4-
-—
-
n LX UJ LU 1X1 UJ
O CM >r - CO CO CO
UJ X CO CO CO c> Ol
*--
'
O CJ (_> 3 3
J-
r- C
rc CU 3 3 O 3 3
n. O c C O 3
~^ m 4- ^ 4- 4-
i- II U, UJ UJ UJ LU
r-- C CM LT< *r J nT >X
rD a» X co Cl cc> CO CO
1 3. 3 3 o 3 3
• • • • •
3 3 3 3 O3 o o 3 3
CM + + — 4- 4-
II UJ UJ UJ LX UJ
CM in in m in tn
X CO r<> C" CO ro3 C5 3 o 3
O 3 3 3 O3 o O 3 o
~H + + 4- 4- 4
II UJ u. LU UJ UJ
CM r- r- r»- h- r-
X co ro r<^ co ro
o n CO O r>









































c3 3 o o 3
C O c o o
CO + 4- 4- 4- +
II UJ UJ UJ UJ UJ
rvi c m iT 'O >n
BQ o ro IT r— o
.—
<
rn lT f*- O
ro ro r^ pc -J-
o O o o o
o o CO o ». /
r- 4- 4 4 + +
ii Ul UJ UJ UJ UJ
rv p—4 OJ CM n LP






(V m «^ ffi ^
o O 6 j oO O O 3 3
-f -4- 4- 4- 4
UJ UJ UJ UJ 'JJ
CO in rv (Nl rv
LP _i r— ro J-
r— O rv to r—
r\l ro ro r^ ro












cm f\i **' ro rO
o o o o
L-> \_> v_) v^j
4 + 4- 4-
U- J U LLI
r~ co cr* a;
0" cr it o
>i) U' r\j v/i
rv r\j r\j ro c i
O O 3O O O
rO 4- 4-
II LLI U_' UL
rv co r— *c






r\J f\) rv ro ro
3 O O O O
O O O O O
f\l 4- 4- + 4- 4-
II UJ UJ JJ 1U UJ
(\i n o ^- kj r\j
cO O vO f\i o o
£> rO r- r~t lO
• • t • •
(\ rv m r- ^
o c o
o o o




|| UJ UJ UJ JJ LU
r\j •—* ro r\j c* o2 it •-' if\ n in
f— (V yfl *-*
• t • t
~4 rvj rv ro ro
O O O & r3O ~ o O o
00 4- 4- 4- 4- 4-
II UJ U.' UJ u_> UJ




—i >r »0 00 —
'
ro r^ m ro >t
o O o n o3 O o o o
r- 4- 4- 4 4 4-
II UJ Uj UJ JJ LJ
rv lO r^ <—i rv rr
CO rr O- r> <J- a~
o r\i -& h- r^
rv m r^ rn .*<"
3 o O o &
o o o o o
vO + + 4- + 4
ii 'JJ UJ UJ UJ LJ
CM •o r—4 r>~ lT f*
JJ *—* XI ^j- —
i
JJ
CO o m vC CO
j> rv ro m r^ ~-
UJ
a. O O o o o
—
4
o O o o o
*- LT. 4- 4 4- 4- 4-
o II UJ UJ UJ UJ 'JJ
< -v —
i
.r » •J l/*.
UJ 33 ^r rv o rj^ TJ
_J o ;r rv <r r«-
rv rv ro ro r<>
o
rv o O o o o
w-. v^J ~J ^> ^^ <_
<r 4- 4 4 4- 4
n IL> Uj UJ LJU 'JJ
o. rv r~4 vT Lf> in in
_j CO LT« U\ nL> r*. s
O •T r~ o r^^ •o
(Nj <v r<i r> m
.-o O o o o C5
c '-J CO o o
UJ m 4- 4 + 4- +




-T cr oc r--Q CD vT r>- »—
i
o —.-
rv m cr rv vO
—<
>—
' rv ro >^- m
CO
rv rv <Ni ro ro
o o o o o
O O O O O
fV 4- 4- 4- 4- 4-
II UJ UJ UJ UJ UJ




co ro o cc co crQ vf h- r-< m
I • • • •
rv rv rv ro ro
c o o o o
O O O O CO
—< 4- 4 4- 4- 4-
H UJ UJ UJ UJ UJ
rv o co rv r— ro
cc rv m —* co m
or ki n ^ <r>
<—
•
rv rv ro ro
<-* »h (\j pri ^- in
CO
O o o O 3
o o o 3 3
CO 4- + 4- 4- 4
II UJ UJ UJ LU LU
<~VJ ro r^ ro ro rv
CO ro ro ro ro ro,
o O O 3 3
o o o O 3
o o o 3 3
r~- 4- f * 4- 4-
ii U_' U_' UJ UJ 'JJ
rv ro rO ro ro ro
cc ro ro ro no, ro
O O O 3 3
• • • • •
o o c!j 3 3
o o o 3 3
sO 4 + 4 4- 4
II UJ UJ UJ UJ UJ
rv ro r^ r^ ro r^
CO rO ro ro ro ro









_i c o o 3 3
•• O o 3 3 3
Q in 4 4- 4- 4-
< 41 UJ UJ LJ UJ UJ
U rv <r r~ fO ro po
_J :o ro ro r<^ ro ro




._. CJ O o 3 CO
(—1 C_? LJ >—> LJ
^r 4 4- 4- 4- 4-
"
II UJ UJ U.1 UJ UJo rv nT ->r CO CO ^r>,
LxJ
-r ro ro ro CM ro
' o CO CJ CJ CJ
t- f—i r-« ^-< — —
>- C
ro a> Cj O o 3 3? CO o CJ O 3
^*» ro + 4 4- 4- +
i~
Ii UJ Ul LU LL' UJ
r- c: rv U"i <r sT •J" sT
ro 0J a r«> r>~» r^ c\ ro
1 CO. o CJ 3 3 O
o o 3 3 3
o o O 3 3
rv 4- 4- 4- + 4-
ii LL' LU UJ Ul UJ
rv in m m m in
co ro ro ro ro ro
o o o 3 3
• i • • •
o o o 3 3
o o 3 3 3
.-< 4- 4 4- 4- 4-
ii UJ UJ 'JJ JJ UJ
rv h- r- r— r- r-
CO ro ro ro ro ro,
o a o o o
• » t • •





































































O O OO r—^ O
co + 4 + -f
11 UJ UJ UJ LL UJ
rv- LO O -0 O 10
en sO r—< 10 O vf
rO CO rv r» —-"





r- + + 4 + +
11
LU UJ UJ UJ uu
fSJ r- fi vO
a
-
) co rn c v*- r—
•
cc ro N- r J r-
• # • • e
>t IT, IT vO <:
O O O r^ j •
O O O ^', -—v
vO + 4 4 -» +
11 UJ LL 'JJ UJ U)
rv rv' O m " m
CO O vO r\l jj ir,
vf 00 ro r^- rv
;>
UJ »t st IT, LT «o
i.
m O O r^> O
•* O O :o
or Lf> 4 4- + 4- +
UJ II UJ UJ JJ - 1 - UJ
¥— rv —1 •-H r~ ~^
< CO .—
1
CO ** rvj O
jt a- m CO r<^ CO
1 t t • * «
'7 r^ •>r <T m ir\
O
ft' CO O
** ^j lj v_J >wJ c^
•0- •*• 4- j. + +
a 11 UJ UJ L'J UJ UJ
(M <_> CT — 4 rv rv
CO r\l uu r«- lO v3
_i vj" U 1 m oj rn
t—
w
_> m 01 <- >T u \
CO O CJ O O O
> O O O C3 O
O m 4> + + +
fV 11 UJ UJ a; U_ Uj
UJ r\j O *-_' fNi O- vT
2? CO ff cu r- r-
UJ cr <r TO r' 0..'
• t * » •
C\l m «~l ~r >j"
O O T2O O
CM + + 1 + 'r
II UJ IL LL l:j LU
rv <r rvj \r ro O
Q~ <r »-* ry*. 0" O
v* C7> c<^ CO ^
rv rv ro r~ vr
O O O c O000 o o
4- + 4- + +
UJ UI UJ UJ l^J
>r -J- m m in
O Cs) O O —
'
a- ** c- -? r-
t-H rv' rv r^ ro













O O O G OOOOOO
co * •> + * +
II Lb U UJ IL' UI
rsj —< ro an •—
'
uO
CD N r-llfN O -t
rv co ro 3- >r
>£} ^0 r- r- Co
O O
O £3 O
r~ + •*- + + +
n 'JJ LU LU LJJ UJ
rv r^ r<", r~- O r^-
CO o~ vi- r> in •—
•
vO rv r~ ro r>































sj- iS\ in so <>
00000
v_J v_V V_J (^ <_J
<T 4 4 4- 4 4-









n vr u> 111 >u
OOOOOOOOOO
C<\ 4- + 4 4- 4-
11 u< iju a.' uj uj
iM''. ^ cr r\j s
co rv <T r- co co
mcu«i o o
m r^ cm in
OOOOOOOOOO
<\J 4- + 4 4 4
II UJ LU J-1 'Oj LU
r\J 00 O s ro CO
30 r^l O CD O —
'
r- m co *r —
•
* • • » »
rv re r»^ >r in
O O
O
—J 4- + 4- 4- 4
II Jj LU UJ UJ UJ




»-> f- r\i CO L~
ao co
(\j rg 1^ f> vj







CO + 4 4 + f
II UJ Lb UJ LL UJ
r\j r~- c n o •-> r\i
ao o —1 '-> —
«











r*- 4- 4 4- 4 4
11 UJ LU Lb UJ u,
r\, r*- CO 0- •-^
CO O £3 C^ .— #—4
00 rv rv rv rv
O O O OO O O O O
sO 4- 4- + 4- 4-
II LU LU LU 'JJ LL 1
r\i r- oc> cr^ O —<
=0 O ^^ —






M UJ LU UJ UJ LL
m vc r- '- r o —
1
-a o O O ^-1 —
rv rv rv rv rv
o o co o
L,' 'w» <^J V-> LJ
»T 4 + 4 4- 4
II UJ UJ L'J LU LJ
rv u\ n~ cu ;'- o
co o o e e^ —
•
rvj fv rv rv rv
i-
•r- C
ra a> O O O ~
P- O O _;
•~^ fi 4- 4- 4 4- +
s_ II LL U-l UJ UI u j
1- c rv L'\ vO r*~ CL :j
fD OJ CO O O *-<
1 ^L rvi fV rvj rv rv
•—
<
r -J r-A •-< -4
O O O O
O O O O
rv 4- -! 4- 4 *
11 UJ UJ UJ uu Uu
r\i
-J- rn vC CO 0*
cc O c O
r\i r\i tsj rv r\
O O O
O O "
1-4 4- + 4- 4 +
II LU UJ UJ UJ 'JJ
rv re in >5" vO h-.
CO O O O n
rv rv rv rv rv
_....<.-<



















































OC in 4- 4-
uu II UJ UJ
— ro ^ •£'












>~ O cjO ro + +
(V II UJ Uj
HI fM O vT








































































































































































o o o c o
o o o o o
x 4- 4- 4- 4- 4-
II U.UJ LU UJ LU
<M O "J" —
»
<-• O
co in r- o ~T co
r\) m o- cm iTi
in in en yO v0
O O t> O O
o o o o o
X + + 4- 4- 4-
|| UJ LU IU U_ LU
CM —i vf) O (NJ N
X r^ cm cm <}- in
-i ifi ^ ^ N
n0 O •£> r— r—
O O £3 & o
o o o o c
x + 4- 4- 4-
II LU U-' LU LU LU
i\j r— co t o •—
•




cm CM cm rM cm










O O O O O
o o o o o
r- + 4 •* +
|| LU LU UJ UJ LU
cm o o —> r-- <r





vt IT. LP IT sC
& C) C3 & o
o o O o o
v0 4- + 4- 4 4-




X CO Cn.' IT o •0
cm vD O rr> vD
>
UJ >3" vj" vj" m. in
i_
m O o o o o
» O o o O o
c: Ln + + 4 4 4-





•sj c: V* r\
< X cr- <*> CO CA rr3 r- r-j <r X •—
1O m vj" -C vT m
<
LU o O O O o
_J V-J w u L^ v->
>r f 4 + 4- 4-
a. n I 1 1 LU Li u UJ
uj r\) u^ ro vJ rn ir-
a Oj V s sT Ov L"\ —
_j cm <J LT m r-
—
<
• • e • •
-j m m m nT <r
CD O o o o o
>• o o U CJ tj
O m 4> 4 4- 4 •*
<v ll U' UJ LU U UJ
LU CM s *—* i> '^J r
z CO O IT. o -»'J n i




(M m r^. r^ vj-
O O O O O
O O O O OM + + + ••
II LU LU J.
J
LU UJ
cm r\j ro m in. fi
cij c\i m o o co
m vo o co f~-















o o o o o
o o o o o
f~ 4- -»- 4 4 +
II LU 'J-' 'J-' Jj LU
Mrt r^ NO /)
co j-\ in 'n x —»
in rr m r»- cv
in m >o O r~
C5 o o O o
o o o o oN 4- + 4- 4- 4-
|| LU UJ IJU LU LU
M N to ff- o -j
aj o o o — —>
c\j tx f\: r\j cnj
& o o o c O O b in &
o o D o o O o o o o
v0 4 4 + 4 4- m0 4- + 4- 4> 4-
II LU LU LU LU LU II LU UJ UJ •JJ •JJ
CM ^< r^ LT cr •<* (NJ f*- X 0^ s o
CO <: r- X o J- X o o o o —
1
c ro r- C\J sO CM CM OJ CM CM
• • t • • >





o O cr o O
2.
O o o o o
o o O CJ O * o o o o C_3
in + + 4 4- 4- 0£ Ln 4 4- 4 4 +
ii LU LU LU UJ LU LU ii IU UJ LU u_ L_i
nj vG r\j ff IT (NJ t— CM vO r- C C T^ o
CO nC X o i^*> r- <; CO o O o o —
«
m r- (M sO o S CM CM r-j fM CM
• • « • 1
<r -r in in o Q ""• w—t ""• —
I
~M
o o c o o UJ o C3 o o o
^ V_J <w> v_^ »—1 _j u UJ LJ v.> UJ
>r + 4- 4- 4 4- <r 4- 4- 4- 4- 4-
ii UJ UJ LL LU LU , , n LU LU UJ L. J LU
CS; —• UJ T O in o C\J m o r- LT
CO r*- UL' — j IT. cr- UJ CO CJ CJ LJ o UJ
r— •—
<
-O O vT CM CM CM CM' CM
O 1 <r >r u> u ^
•r- CO o o O O 03 QJ O o o C^ rJo o o o o
^3.
O o o o O
m 4 4- * 4- 4- m 4- »• 4- + 4-





















vT> o •T s CM CM cm r-J CM
'n (^ <J vT >f —
<
r-l f<4 ^-i —<
o o o O o o o o O o
o o o O o o o o o o
OJ 4- 4- 4 4- 4- CM 4- + 4- 4- 4-
ll UJ LU Ul LL' LU II UJ UJ Uj LU UJ
^ o vt cv (\; f—
4
CM m "'-1 m r-
-J-
o o^ cr .-< J- CT> CO O r O o o








cm cm m rfi v^-
o o o o o
o o o o o
-4 4>- 4- 4 4 4-
|| LL' UJ UJ UJ IU
CM f— 0"> rr< r-t vj
:o r^, in en c^ co
•—
<
cm cm nj en
O O O O O
O O O O O
^4 + * 4- 4- +
II UJ .U LU LU LU
cm in r- cm o en
co O a; co o —
<
O fo r- —j o
* • • • •
cm cm cm m m
o o o o o
o o o o o
-- 4- 4- 4- «• 4-
M LU LU LU LU UJ
CM O X r~ ^ O
co o s- ct- r> cr
fM r-4 »-H —
4
#-4
r-4 f—< CvJ fO >J- mX
•-4 r-t r-o co »j- >n
x











































































































































« in f •*
• ii U-/ UJ
i. rv rv ^
























00 II LU u_













































• in + *
i. ii LU UJ
_j rv rg m











-. n LL LU
o rv <j> m







(O cu O O
13. U C3
•v.. r<^
S- 1! LL1 UJ
f- c rv O r^




















































































































































































































































































































o o o o
o o o c
+ + +
LU UJ LU LU
f\j r- r- r»- o
33 >J- r\j o —*








in so >c r» f-
O O D O O














UJ J_ u(MO >f















in + + + + *
•I Ul IL LLJ LLi LL
!\| f»- sC —i vT
D M X r\j r\iO >D -*
m in vO
O O O O '_?
u v> <j u u
+ + + +
uj u u- ll' a






o o c o oO !.) (J 'J O
r^
-t- + 4 * 4-
II UJ LL LU UJ LU
(NJ u> i ~\ ',•- u~\ r*"l
CO o n if. ^ o
cr <r o* in cu
r\i m r^i ^ lt>
O O o o o
o o o o o
CNJ •
-I 4- 4- -t-
|| LU LU LU UJ UJ
f\l f—i ro o lo tv
CO (X; CNJ f~i O LA
>J" o sj- ^ >r
• • • • •M f\j M ro vf
O O O O OO O O O O
CO + + 4- 4-
H LU LU LU LU LL
(Nl f\J r- "i •z c
CO r- r>- CO f\J uo
>J- ~* CO »o (M
o h- f- CC O
o C-) o o o
o c> o o o
r- 4> 4- 4- 4- +
ii UJ UJ UJ LU Jj
(NJ o (\.l r^- CC CC
CC r-4 r—4 o <\J ^
co in cv r> n
in >f; r» r«- CO
O D o o O
o O o £} o
*C 4- + 4 4 4-
II LU LU UJ UJ LU
r\j .—J f— ^" n"( N-
CO vO vt ro <f n
—
1
X uTi fM jo
• • • • «
o LfN LO nO r-~ r^
Ul
> o o o O Q
m o CJ> LJ> o o
•- in + 4- 4 4 +
^ it UJ UJ JJ LL LU
r * (V a. v" -i CT" —'
~s CO r—
<
CT- 4J ^C 0
M m •-4 CO in 1—
1
1 • * • •
•
or vj" m in nO r-
UJ
»— o u o o o
<J u-l u *—/ UJ UJ
g <r + 4- 4- 4- +
ii J-1 lU U. LU LL'
a. (VI c_> UJ r- CU LP




fi vT >H U -* u
_J
£C o o o o oO LU cu cu O
Ul r<~> + 4- 4- 4-
I/O II jj l.U U-' UJ LL'
r^ r\J vT C^ fo, n j"Q CO a> "-" Lf~ (N. —
<
OJ c m <Nj CO
r^ r^ ^r in m
O o o o o
o o o o o
CNI 4- + 4 4- +
II UJ LU UJ IU UU
(NJ <1 in J cr o
CO o --• LA vT
nO '"'i o in —
*





O o c-. o o
o o o o o
TO 4- 4- 4- 4- 4-
II UJ JJ LL' LL LL
M ro in O f»- CO
CO o o o o o
fNJ r\i f^j rx. (NJ
O o n o o
o o o o o
r- + + + 4- 4
II UU 'JU LU LL' LU
(NJ ro ir> J") r» CO
CO o c O o o
(Nj rj r\j CN) r<j
o o- o o c
o o c o o
sC + 4- 4- 4 +
II LL UJ JJ UJ LL
(Nl m »r LO vO r»-
X O o o o o




r<-> o o o o o
o o o o o
•A 4- 4- 4- 4- 4-
II LU UJ UJ UU LU
fNJ fN ^ sT .r vT
CO o o o o o
(Nj (NJ CNJ (NJ (NJ
o o O O oU UU UU
^T 4- «- 4 4- 4-
'l LL1 J~ '.JJ UJ 'J-'
m u ^ r1 c u'i£UOUOU
(Nj CNI (NJ (NJ (NJ
s_
r- c
fO CU o o o o o
U- o o o C^ O
-v^ m 4- 4- 4- 4- 4-
s- li UJ LU a. LLI U^
r- SI (NJ a> O t—
i
(\i m
to cu CO cr o o o O
i ^i (Nl Og (NJ (Nl
o o o O o
o o o o o
(NJ 4" + + 4 4-
II UJ UJ UJ IL UJ
CNI r-< CT o a -—






o o o o o
o o o o o
f-4 +• 4- 4- 4 +
|| UJ UJ UJ JJ LU
rvi ", o ^ in -o
co m ^*> f\, r« o
O vT O st O-
• • » •
f-^ fN' (sJ c> ro
o O c o o
o o o Q o
—
<
4- + 4 + •V
11 LU UJ U.I LU UJ
(NJ vt o m o st
30 <f * w o —
I
00
,~> («- r< r* %r
* • • • «
(NJ (NJ m ("^ >*•
o o o o o
o o o o o
-4 + + 4. 4- 4-
|| UJ LU UJ LL LL'
(nj cc (^ r- t a>
co s .> a> o v
•—
•
^-" cn. c> vj- m
CD
~-t cnj m -j- m
ao





























o o o o




4- 4- 4- +
jj UJ u. uj
f- Is- ••> o
lp <£> r- o
r-- •—' l-» o





o o o r> o
O TJ O
4- 4- 4-
uj uj Uj uj uj
m -d- o o o
•—
'
<-» PJ -J" LP
rr cv >n o <f






o o o o o









O O O O
o o o o
+ + + +
UJ LL UJ UJ J
*-
sO '- c
•j- <r- <? u
f-< lp C- r
















"i n < >i <J
O O O O CO
o o c- cj o
ri 4- 4- + 4-
II U_' Uj LU lil UJ
Pj LP — « X U» rt",
«j «f r^ oo I** r
—
r- -^ <r co (si













p.' wo cr r<^ r-
(NJ M (\ M Ci





UJ UJ UJ UJ LU
-4 s0 CO <o
O <\J nP CO O
CO •—' \3 CO •—
I
•—






o ^ O & o
o o o o o
CO 4- » + •
II UJ a,1 LU Uj •JU
rvj CO CO s PJ *s_
r^ r^ pj (M rr> >r
PJ r- PJ r- 'NJ
O vO h» r- co
O o O o o
a o o '-^ o
r- + + + •f +
li UJ u. UJ LU -u
pj ,7- <r LP O o
CO CO p- r— CO CO
LP n LP o LP
lp sC o ^ r-
o ^> o CD O
o o o r^ Cj
vC + + + 4- +
II •JJ LU UJ UJ 'JJ
Pw -\J ^r sT vi- J~i
2 ^-" <Ni ~-t ^-- PJ
CT <r V >f '*^s
J> ^?" lT LP
-c vC
UJ
k. o O o c: o
-p o o a o CJ
•» LP. -• + + + *
^ II LL UJ UJ JJ UJ
' T rv CJ v?- 2 ^C" ,^>
Ct' 3? _
<
CO vC LP LP
>— r^ »«- rv h- (M















CI ^ >T in u S
z>
TT> O o O O C^
o wj '^ O CT
UJ rn + + • +
LP 11 a LL UJ LL ! UJ
—
1
PJ pj PJ o ' j r"
O CO <? m CL l/-> r<-
o in 0^ vT 0^
rr\ r<- ro >r vT
O o o o oO c o o a
PJ f + + + +
II U ' LU UJ LL LU
PJ <r PJ f« CT« <r
00 w-A r<-. *c O p-
LP CT rP CC rv
» • • • •
PJ PJ m rf\ «t
o o o O O
o a D o o
—
i
+ X. + + -f
II
UJ LL' UJ JJ LU
PJ CO ^ rv m P.
^ ip
-t ^~ in JO
(T <r r^- •—
<
in
t> o O o o
o o O o o
CO + + 4- 4 4
II UJ u- JL Uj UJ
PJ rP vt •o P^ CO
CO O o o o o
pj rvi CM PJ rv
o r> O rp O
o o a o O
r— + + 4- 4 +
ii LL UJ UJ UJ jj
pj r^ <r LP vP r-
co O (™) O o G
PJ Kl PJ CM rj
& c O o &
o o O o O
>£> + + 4- 4- 4-
H UJ 'JJ LU UJ UJ
PJ PJ r*~\ LP o s-
CD o C3 o o CJ>




rP o o O o G
•> o r.J O o O
Z" LP + + 4- + 4-
u II U-1 LU Uj UJ LU
a: ~>J —
1
fs. <r LP -C
_ DC o o o o o
I PJ Pj p- TsJ PJQ^
UJ
_J o CJ o o c
L_v U> u> u< v_^
-r 4- 4- + + 4-
,—
s
ii IU LLJ UJ UJ LU
o (M u> —+ PJ r^> -r
UJ CO u> c.) CJ CJ o
*-- p.' rv PJ Pj rv
u
r- cr
(T3 cu o a rj O q
p CJ> o O c O
^^, fp 4 4- 4 4-
u 11 u Ul LU J_ UJ
i- c <^J 0^ L7" C —^ PI
T3 O) CC cr- CT o o o
t—4 . -* CVl CNJ rvi
O C^ o o c
o o o o oM + + 4 + 4
II LL' LJ LL UJ LU
pj co *»- p- co s
CO O O- O f> LT
o o o o o
O O CJ o o
—< 4- 4 4- 4- 4>
|| UJ LLJ LL LU UJ
pj vO <r rv pj cvi
CO rr o r> n^ c>
'-* C\J (NJ rr\ fO
•-4 •—• pj r<^ >j- in
CO
»-l rJ (\| fO ^ m
CO












































































































































rx fM IT- •>£)





UJ m •f +
CO It UJ UJ







































2 in 4- +
_i ii UJ UJ
i-*-
r> ^ vD












o fM t_> fM





<U CU o o
3. o o
»^_ rn -t- >
S^ It UJ UJ
r- C fM O ^J

































































































































































fX rv m vt)





CO CD CO O
UJ m + +
CO II UJ ID
r*"i CM O cc




















































o fNJ O C\,
UJ CD a- ir
<tJ cu CD O
3. CD O
^ m -t- >
S- il UJ UJ
r- c OsJ cd rvj
























































































































































• 1,-N 4- 4>
*- II UJ '-J












Q. fN fNJ cr>









UJ co 4- 4-
(/I It U_ 'JJ

























































o fNJ O fvj





A3 <D o o
^L o oV m 4- 4-
S_ M U_i IU
p- cr fNJ O fNJ









































CO <j o o o
o o o rj o
CO + + 4- •f
ii UJ UJ Lb J. LU
<\j CM CM O CO O
ex: r- r- xO •4- -o
s
- >r C7* V. :r
• • • • •
m vf vT in un
o o O o o
o o O o o
f- 4 + + 4- 4
II UJ lu u_ LU LU







r<-> vt «* IT, LO
D o O O C*5O o o o o
o + 4- + + 4-
II UJ JJ 'jj UJ LU
cm o •n ic CM O
CO CO >o r<\ O r-
CM r- CM r- —4
z>
LU "O ff*i <r Nt n
?«
m o o O o O
•» o c o O oQ UT\ 4 4- + 4- 4-
< II Lu IJJ UJ UJ LU
UJ (X r^- V* Is- »*> r—
-J cc iTi f\l 3) <f s
1 cr o- a> co r»-
of • • • •
UJ CM m m vt vT
>—
<r CJ O o O CJ
s. <w> VJ <w" <_J ^
<r 4- + + 4- 4
a ii U LU UJ u: U
_j cm •J" v*J r~4 rn o*
o rr*1' "O 3.' ,4 'JU CM
_i vU CJ in O vT
—
.
_> r-j fM m r>i vT
co
o O o o CJ
>- o o O o cj
o r<i 4- + 4 4- +
rv II UJ LU UJ LU Uj
LU f\l -o- CM •—1 cj —•
2. CO <\J O o <r Is-
UJ ro r~ CM o o
CM CM "O "f v3
o o o o o
o o o o c
<M + + + -t- +
II LU LU UJ LU LU
r\j o <r —
'
-* m
cc cm <• r^ s <^;
O < CD r\j f-
* » • • •
(M r\j <">. m r^-
o o o o o
o o o o o
•~* + + -V + +
|| LU L ( J UJ JJ LLJ




co m xj- so co o
t-- r-i u"» o v:
—i cm cm CM ro
O <*5 O O O
o o o o o
00 +*- + + +
II LU LU LU U> U>
cm m o cm lo «
aj so n cv cr <.'
sf O O H N
•J- ^ IT >D -f
'
o o o o o
O O C C C5
^ + + + + 4-
|| LU UJ 'UJ U_! UJ
CM "* r\i (M O O





O CD O O C
O O o c o
00 + 4- 4 4- 4-
II LU LU •JJ LU UJ
CM O sO fs« 'X> •-r






O O o o o
o C~; o o o
h- + 4- 4- 4 4-
II LU LU u. LU JJ
CM •£> V.O r- GT cc
CO •£) >n vT) sD vO
<t- v}- m m ^O — —i r—l p -1 -
o O o & o O ro c o c
C3 o o o o O o o o o
.o 4. 4 4- 4 4 sD 4 4 4- 4- 4-
II UJ UJ JJ 'JJ LU II •JJ JJ LU LU LU
CM vj- vt O CM ~
4






33 «c vO o o o






i. o c c c o r^ c o o c o
ro o CJ o o o •• o o ^_> o CJ
*» m 4- 4- 4- 4- 4 Q in 4- + 4- 4- 4Q M LU LU LU LU LU < ii LU LU LU LU 'JJ
<-; CM' L_: n r~ CJ ^^ l_j CM LT vJO sO Is- *—
















I— O o c_" o O < o o CJ CJ o
< L.J l_; <^> ^j ^/ j£ LJ l.J •. > l~J CJ
_<; vT 4- 4
-i 4- 4 >r 4- 4 4- 4- +
II
'J-l U ' LU LU LL' ii UJ LU LU LU LU
Cl CM <* r--i •—> CT O ' " CM m in ir \ vO r-
_J CC. CJ en O r- CJ OLU s: vU •jj ^J <J vx:O LT vr LT >r v~J
_J • • • 4 •
W—
4
CM (M PI I NT U 1
JD u
CT o ' ) CJ o CJ> •r- (Z O o C3 C5 o
o o O o o ro CJ
3.
o o CJ CJ o
UJ rry 4 4 4 4- 4- fi 4- 4- 4- 4- 4
l/i II U ' '..!. UJ UJ LU
S_
ii LU Uj UJ LL' LU










CO nU >o <j 4J o
O o r-* o O o o O o o
o o c o O o o o o O
CM' + 4 4 4- 4 CM 4- 4- •f- 4 4-
II LU' LU UJ LJ UJ II LU i: LU LU _u
CM ^_ f<) o r> r~- iM) r- IT ICi in vO





i-4 ^~i 1—J .-i r-H





o o o O o o o o o o
o o o o o o o o o o
—
I
4 4- 4 + 4- r-t + 4- 4- + 4
II LU LU UJ LU UJ II LU IJJ UJ LU UJ
CM r 3 o T X) o <M o CO CC CO co
ao en rsj •—4 —4 CO h- vTl vO m'
or ro cc r°
» • • •
t—i ."M CM CO ro
,-4 ^J ^4 r-4
i-4 r-i rsj r^ vj-
ca
h -i m m
33




















































































5 f; O O b
o o o o c
oc + + •* 4- 4
11 u. id uj uj aj
cm O o -• O O
en <f ov, cr p- £
V <t CO rO CO
* • « • •
ro -j- vj- m in
0000000000
f- + + 4- 4- 4-
II JJ UJ UJ UJ UJ
r\i m v*- -c m 00
to a^ ^ \ a> r-
in o in o vf
* • • •
r^ <J- .3- v* it.
OOOOOOOOOO
vO + 4- 4- 4 4-
II X1 UJ U UJ UJ
CM vO —* CO fM O




en r~ vf vf in
OOOOOOOOOO
in + 4- 4- + +
•I LU UJ Uj UJ Lu
(M «0 -r f\J O .*
nD nj f— r\j en vj-
O WOfMS
* • • • •
(V «\ rn st ~f
OOOOO










co o '-O O
c\j ri pi 01 vj-
O OOOO
O O O o o
4- 4 • 4> 4- 4-
UJ U- U- UJ UJ
'.;\ :' tjf ^ —< nJ*
(J* *-« -0* CJ» f"*
<m r— —< m o
(N nj m rn ^.
00000
C O O
r\j 4- 4- 4 4- 4-
11 UJ U,' IU lJJ UJ
cm £ iTi LfA r- f\
CO O O r\j if'
O vr CO C\i P"»
r-J rv rvj f 1 ro
CD O O
O
r-i 4- 4- + 4- 4
II UJ UJ UJ UJ LU
CM O O IT m m




(M r\j nj m



















































m >t vt in m
OOOOO
o o o o o














' O v-J >—: ^J
4-4-4-4-
U 1 LI 1 11 U
+
LU





CJ o o o o
ro 4- 4- 4- 4- 4-
II UJ U) UJ U UJM O cu 1-1 i\ r\
C2 —' CT CJ fM vT
u"< cn m o m
o o o o oOOOOO
fM 4- 4- •*• 4- 4-
(I UJ U_ Ul LL uJ
cm m co c~ <• o
2TJ O m n: ro 1/-'
•—
* O •—' O •~4




UJ UJ UJ Uj UJ
fM o r~ m in CM
co ro o a. o- o
CD cm r^- f\ a'
• • « • •H (\| ^ ^ (O
o o O O COOOOOO
CC 4- 4- 4- 4- 4-
II LU UJ lb LU U
CM •£) P- CO O O
co so -o v0 o n
O O O O OOOOOO
r- 4- 4- 4- 4- 4-
II UJ UJ UJ UJ _J
CM vO vO P- CO O
CC sC £> >C> s0 vO
O O &O O
vD 4- 4 + 4- 4-
II UJ JJ UJ LU UJ
CM vO ^ p- fO 0^






O m 4- 4- 4. 4- 4-
«5 II LU UJ UJ UJ LU







v_> l-» v> <sJ <—>
^
—
H •>T 4- + 4- 4- V
II Ul LI UJ U u
UJ rv l;^ in ^o p~ co













r-4 r-j m in
CO CO
O O C J O COOOOOO
CO 4- 4- 4- 4- 4-
II UJ V.< UJ IU Hi
pj v0 u> <; r*- r—
CD >C <J O O O
OOOOOOOOOO
CM 4- 4- 4- 4- 4-
|| IU lb UJ 'X u
cm p- nO <; p- ro
a >c >o -o jj-c
OOOOOOOOOO
-4 4- 4- 4- 4- 4-
II UJ UJ UJ IU Uj
CM <-< O Cr O —
<
3J N Jl >C f^ N




o f> o o :~>






















rv o rv rv m -*•
CO vp tr\ » n*i PJ
vD CO f~> rVl vT
m m j- v+ <r
o o r> n o
o o n rj o
r- 4- 4- -*- 4- 4-
II
1 U UJ LJ '.Li JJ
rv T) <T" o r^ vp
ec rr- cr o o o
re m CT' o -V
m rr, rr ^t s.1
n o o o o
o O o o O
vP 4- 4- + + 4-
H UI LU UJ 'JJ O.'
rv n ^ r?" v.t r
.o .*\j r-\ sj sO x
—
1
r>'% jP r~ C>
> • • • • •
UI ("<*, rp r~ r^ ro
o O O r~j O O
* o O 3 O O
a' m 4- 4- 4 4- 4-
UJ ii UJ UJ :.
:
J J UJ
>— rv n rr 7 • N« pi
< m rp »c J^ —
'
J-
J£ CO o rv \T r—
1
rv m *<% fT" -p
D
cf CD r-^ o o O
-—
«
CD CD a CD o
<* H- + + 4- 4
P 1! UJ UJ i .L UJ
r> CV vt> —-* r* 3 CM
o CO ^T CO #—
*
vC O
_j in r*- c_ 'V; LP
»—
«
_d rv rv *r\ -n rp
CO
O r> o O O
•>- o CO r^ o cd
o rn 4- 4- 4- 4- j.
rV II .'. Uj 'JJ J.. '.:





7 -_ >* O ~t CP LP.
a.' rv <r K TT rv
rv rv, rv <N m
o o O o o
(\J 4- 4- 4- 4- 4-
II J ' UJ •J. JJ Uj
r\j o IP. rr <~> 7>




- rv <-.j (NJ rr
o o o n o
n :; o r~> '">
r-> 4- -»- 4- 4- 4-
II IJJ LJJ LLJ SJ J-1
C\J n~ .1" -P vTi on






— rvi rv r\.
r-t ^—
4
f\l m o- LT
o o o r~i n
o o o o n
CT 4- 4- 4- 4- 4-
II UI U_. JJ U_' LU
rv in. .0 i^ in in.
so ro r~- »-i m r>
•*». l^ to o r\j
v.4- <t J- LT LP
O O o o O
O o o a r>
N- 4- + 4- *. 4-
II JJ LU LU jj J.J
rvi v+ CO r\ h- rr
CO o ir> —
i
vP r\i
o rxi IP r- O
vT vt «* v^ irv
CJ o O o o
o D U o o
o 4- 4- + 4- 4-
II UJ UJ UJ UJ ILI
rx,' r\j 3 r fls ~i
'
: •O rP & i •^
o /^» *~4 Nf r-
> m rO >t vT <r
U'
>; O Q c o o
£) o O o D O
>• in 4- 4- 4- 4- 4-




:- C -r *_ ~*
1— m O o r~ \0 <r






n O c~ o o O
-• o o o o CD
t—
.
-4 + 4- 4- 4- 4-
u Li. I' ' UI JJ Uj
o rv; rA cn* r~ r\j ^
r> 2j ->^" r<~ «r, sT <T




<M m fP r^ -r
-j
cr: O r- o O C7
o n c rjj o
UJ r^ 4- 4- 4- + 4
^> n u Ll. a U LJ
rj r\j 3 •o r-j P .P
o 'S. r— r- Ov •—> •J-
LP CO —4 in OO
rv r\' rp rP f>1
Cj C 3 n o o
o O Cj n o
(N. 4- 4- 4- 4 4-
II a. U, U-l U.I UJ
rv (T cc —i vC *—
1
JO m o <r rr J"
r^ IP co •—
<
jP
Pvj rv rv1 r^ rr
o o n n o
o f~> o O O
^j 4- + 4- -». 4>
ii IU UJ UJ _J LU
r\i .A .—i v+ rP "h




o n O O o
o o o r> o
TO 4- 4 + 4- 4-
11 UJ JJ UJ U' _u
rj v-t" ^t- s.t J- >*
CO \jr\ IP in lO LP
r\i r\i r\i OO rv
o o o o o
o O rp ^-N O
r— 4- 4- 4- + 4-
ii UJ UJ LJ UJ UJ
no >S- ^4- v.4 LT in
CO LP Ln LP LP LP








O O O O O
o o o CD O
vO 4- 4- 4- 4- 4-
II UJ LLJ UJ UJ JJ
rv iP <} LTi LP 'P
CO UP LP • ^> LP LP




o O O O o O
»- O O o Li o
ry UP 4- 4- 4- 4- 4-
UJ II UJ JJ UJ UJ LU
1— r\ P LT Pi j: »o
<r co LP lP JP a .P








o' o o r^ r- o
—
»
o o O CD o
^r + 4- •f + 4*
, ,,
ii Ui U.' U UJ Uj
o
UJ
rv p- f- f— f- CO
-j LP LP LP, m JP
»—
»









f0 cu o o r" O c
,"1 o o o CD CD
m 4- 4- 4- 4- 4
s_ n ill UJ UJ U.' LL
i- c rv o ~ c c? ^4
OJ QJ 'Cj o u ., LT >f:
1 _1 rv rv 'V rv rv'
O rp o —v O
o o o r-
rv 4- 4- 4> 4- +
ii UJ LU 'JJ l J LL,
rv vf rr- rv rl LP
cc >n O j-) vT. JO





o o O CD o
CO CD o ro o
1—
'
4- 4- 4- -:- 4-




-O P- I-- r-- r~ r~--















































fj.' ip + 4
IL. n L J u
f-- r\j vj








O- II Li-: U'
r> fN) <_> 1









CJ '< \ t- +


















































• iTi + +-
^ n J U.J
l'-' CVJ L L"







































































^-^ li LU L J
o l\J CJ rr>











r> i + +
i_ 1! u UJ
r- C '• 3 ""
ro CU f v£
)
»**.
























o o O o n
o o O o r*>
(T) 4- + + + 4-
II UJ LL Jj LJ JJ
co V- on f\J en v0
C, rv. on o _ m
ia vP >T5 /> O
o O O O c
o o O o o
en 4 -r 4 + 4






S3 m r--. »-* vp r—
4
<\l rr\ lA j"j c
o o o o o
o o o o o
on 4-444 4-
II Uj JJ UJ UJ UJ
m ^ vj -t o m
iD iTi io in m in
M (\J (\l (\l t\J










































































O O O o o
O O O o o
p~ 4 4 + 4- +
II U.' Li jj LJ UJ
no r> p- r* vt -\i
03 o rv vt r- o
rn v4 on vO en
o o o o o















r<~ m -o ro r«-
o o o o o
o o o a o
4- 4- + 4- 4-
.Li UJ L_l UJ UJ

















t • « • *
(NJ T\J (\ (M m
o o o o o
o o o o o
O + 4- 4 4- 4
II ll; LL LJ UJ J
rv '..> N .' \ 'n i."i
cC u^> O >C -""» —
'
r-« r^ >J- vC 00
(VI r\j rsj •NJ V
o -~> r^ O o
o o o o o
Pvj 4- 4- 4- 4- 4>
II Ul U-i u. UJ _l
(NJ 'O 'NJ vf' T- o




•-j rv. ng Cm no
r~- o o o o
Oi o o O o
_i + *. 4- 4- 4-
II L.' UJ UJ LU LU
nj .t —I IP ^n P-
CTj re. C5 Ti o~ o
m r- cr O (<*
-I H r< MM
»-4 ^-4 no m vj- in
CO
O o o o O
r» 4- 4. 4 4- 4-
H LL 11 .L 1 •-L UJ
r\' vO in r> rv_ T
CO c> v+ rr LA i—
i
CO o — i rf\ J-^
m s* si vt vt
O o o O O
o o c^ o o
c 4 4- 4 4- 4-
'I UJ 11 .LI LL JJ
P\J —
w





in r- XI D f\j
• • • • •
t> m fX" pp vt vt
JJ
>' o O o O C
*c o o o j o
- J^i + 4- 4- 4- 4-
Y II 'JJ LU UJ IL) 'JJ
no vj- vt —• ^
, - o
— m o- ^C vt no Pvj
cr —
.
m LA r^ ->
t:
i
pp PA m PA PA
o
cr o o o o o
UJ o o o O o
_j vj 4- 4- 4 4- 4
I! UJ u: UJ UJ UJ
o no r- p- r- CO
^ re fNJ O o- 7^ oQ CO O *—* PA Oj
UJ
enQ
no rn -ri ,-n pa








U I IV LL'
V*" Pm lA
vt <"- C
vt n£ CO rv
rv1 no no r^ r<>
o O o O O
o n p-v C2 O
(NJ 4- 4 + + *
ll uu U.i LI UJ a.
v.' CO or, «n ,-< rv
CO vO sTI m ru ori
o no vi- fv. O^
no no no rv no
o o o O *
—
o o ("> o o
_l 4- 4- 4 4 4
M LL •Ju LJ UJ LJ
no —• rv o-> ^+- -T-




h h r.i r>, \
—< rv p^ vt lo
o o o <~) o
o o o o o
r^ -4- 4- 4 4 4-
n uj uj uj uj uj
rv ^4 vr la .n vP)
CD LA LA L" in m








o o O O o
o o o O o
vO 4 4 4 4 4-
II UJ UJ J ' Hi 'U
Pvl IA J^ LA VJ p-
JJ lA IP LA lP n
AJ (VI rv no -v
>
u. —* —4 —< ^ ^ i—4
S
>0 o o o r*> o
• ^> o o O o
rV LA 4- 4- 4- 4- 4-
LJ II UJ UJ UJ UJ LU
1- P. vO 0~. •J- p— • .
<r -n IT A LA LP LA
^ f\l rv rv Pv no




UJ O o o O O
_j o O o o o
Xi ! 4 + + 4
,—
,
II LL' 'X' UJ UJ UJ
o AJ CO CO I ^^ —A
UJ CO LP u^\ t~ LP o
V no no rv rv rv
• • • c «




ro OJ o o V J o CJ
3 o o o o o
S, m + 4 4- 4- 4
S- ii LL. LJ LL1 UJ UJ







ro QJ CO o JJ sP 0T> -o
1 "i no rv rv rv (\l
—4 ^-4 ^-4 f—< r-4
O O O O OO O O O o
A, + 4- 4 4- 4
II LL' UJ LL' UJ UJ
AJ vO LA vC CJ CT
CO vO vO A <' p*-
no no rv rv rv
o o o o o
r-> o o o n
—« 4- 4- 4 4 4-
II LU LU UJ UJ UJ
M Ifi *p rr LA 1
t0 r«~ fv. iv. t^. r^
A' ai rv rv A


































sO O CJo o
» cj> o
• L^ + 4-
>_ II LU UJ
—1 CM <r V_J










n. II UJ 1 : 1
_v> f\| 'w' o
o X v_> r


























• n LL u
>. CM CM >L












r\ (X IP "









































































































































































































a 1! J..1 XI
_J rM L> ir









C_J n n + +
,-!_' n I JJ
-.
fv. ;? L,"














































• II LxJ J_
i CM Ll *• -J





_J •T •*- +
n Li. •_ :
CM LP ~-
:;) X rr' j
















































• iTl + +





























03 OJ ^- :
,11 ci + +
*\
II Li.
S- CM - '
p- c \ r-
<T> (V CM


































*~\ <~) CD o CD
n <~> o n O
x + + 4 + +
II U ' u. LU ii _U
PI o p r- rv o
00 o ip o v+ X
O IP cd sj" CO
vt Of X _f> X
CD (~> o o n
o o 73 O o
p« 4- 4- i. 4- 4.
M IJU 111 L'J -U LI
(Nl l/N o rr> cd o
x .—4 r-- •—< vi- iP
P- _. X O ^t
ro v«- X X
o o cd O O
o o o o c
x 4 •4- + 4- +
II
_u LU UJ LU 1 u
r\! X —4 v* > o
X vT n> CV vf >2~
(•P r-- INj X o
>
LI J no ro *r nT x
M
X O O c o O
•> o o O o O
if ip 4- 4- + 4- 4-







CO X CV fO <f *p
i :r .* CO r\j X
nc
LU rv <^» rp -f >r
o o o o o
o o o o o
























o cd o cd r?
o n o o <->
m + + + +
ii LU lu lu '.:.. uj
r\i o .p cc\ cr —
<
CD cr m r~- r<- or
rjv LP —' ^- 'N. 1
rv f\i "^ f.
<f ip >P r-
O o o <~) o
o o o O o
h.. 4- 4- 4- 4- 4-
II UJ 'XI Ul LU OJ
rvi r- p- —J J-) CO
CD o> cr >p ,-< ^t
_•- o ^ (Nl r^.
<} LP LP vT -v-
o o O n C^
o o o C3 o
sO 4. + 4- 4- 4-
II LU LU LI U) LL'
PJ P: o *4 r> ^--»
-o rv cr LP 'T* —4O lP —1 o PJ
• • • • •
> vT vf L^ LP o
III
>" O 3 o ;
)
3
vO o o o o O
*> J> 4- »- 4- 4 4
^ II IJJ LU LJ .LI LU
'
—
rx 7 LP ^> - '
Qi m IP —* ^P r— -«~
— LP —t o • -> N»J
1
rp <S >T LP ^
LU
k— '^> o o o T
<T C) o O c^ o
C vj- 4- 4- + 4- 4-
II LL« LL.' UJ u LU
a PJ *^
>
l •4- c o rA
z? CO —
<
«r •c ^ >r
o -* o F—
J
<- *-4
rf. m <r >? IP
_->
en a o Q (-~i o
o C"; O c^ n
LU rr\ 4- 4- 4 4- 4-
1^1 II UJ LL' LL LL 1 L J
"~j PJ "i r O r\, r<->O — CO Cf; r- LP —
^
-o —* ,D —w o
o o o r> r>
o r~> o o <~>
x + 4- 4- 4- 4-
II UJ U LU li.. U- 1
fvj cp o —i rv pj
tn a it o >






o r-> o o n
o o o o r>
r- 4- 4- 4- 4-
II '-LI UJ LM U U
M ffi IT O -< M1 (II (T ,T IT !T
Pi r\i fM <NI (N.
O O O O OO O O O O
O 4- 4- 4- 4- 4-
II UJ LU LU IU LU
(V! r-- rc t O O
X CO JO X> L> 9s




^^ ^ ^_, r-
<
s:
o o o o o o
• o o r> ^; o
7 -P 4- 4- 4- 4- 4-
o II UJ X' LU U_i Ld
at PJ
*" f-„ s— 3"
no X X X CO X




<T o o c^ o o
2 o o o o C_)
-r + 4- 4- t- 4-
II LU LU LU LU UJ
t\ LT> X sf <- vT
CD x CC X X CP
PJ P- ro Nj pj
SL.
r- C
fO CD o o O O O
71 o o o o CD
^Ss rp 4- + 4- 4- 4-
r II u; LU a. LL .
r- C TsJ v ~ Xl — ^ o
t3 O) X X rp- C.j X X
1 a X' [\i PJ PJ X






o o o o o
o o ri o o
Pg 4 4- -, 4- 4-
II LJ UL LU LU UJ
rv x *r -« x n
X m <r pi ^- rs
cr- r«-> r- 3 v*
—t r\j r\i rp f>
o o n ~> :d
o o n o cd
(\j + * 4- 4- 4-
II LU LU LU IX UJ
N O h CMT ,-»X r«- rfi n> v*- en
pj p- -< x o
PJ f\j ^ r^. vt
O O O O O
o o r> o cd
(X 4- 4- 4- 4- 4-
II JU LU UJ UJ LU
(X X — T. O LP
Kit ITiS SN
pj rv pj rv rv
CD O O CD CDO CD CD n CD
— 4. 4. 4- 4- 4-
II UJ UJ ,J IU J '
r\i Ct IP v* ^D rr
CD rp r\i Nn *>• —
i
x r- K x rD
^4 rv pi ix r<">
-4 r-< rv 'P vf IP
O CD O O O
CD CD CD CD CD
_., 4. 4- 4- 4-4-
II IU LU U I LU LU
rvi i in 'l*> vp. rn r»>
I! s n ^ ia i>
or rr- f*- r-i ip
«—
(
rvi PI rP rp
i—l <~* rv rP vj IP
CD O CD CD CDonono
_4 4- 4- 4- 4- +
II LU UJ LU LU UJ
PI rp rP (Ni T r-
CC ir h- r^ vP X
PI P PI P (N'











































































O D O O O
(~> o r-> o O
4 4-44-4


















































































































o o c O n
o o o n o
X 4 4- 4 4 4
II LU UJ UJ LU' UJ
r\j lA N- >- r> f-O
CO C-i r^ m r>- lJ->
vT. rr» .NJ LT> r>
^r v*t" IT\ LT io
o O O n r*>
o o O o o
r«- 4 * 4- * X
n LU UJ LU 'JJ jj
r\i f\i CI. vD r^\ rv
x^ >T) IA f- —J r--
—
'
v«- r— e-4 ,+
vt N.T >J- LP ir
O o O O a
o o i o o
O 4 4 4 4 4
II UJ J -' UJ IUI UJ
CNJ r\j *r^ .n X. LT
X O s _^ rr\ r^
r- c< rrt •£ C>
f" ^ \T ^ vj
o o o o o
o o a o o
P. 4 4 4 4 4
II :u u-j UJ 'JJ u
rs; r c* roc




ro r-> C vf vT




a: <n.' oX ^H
O O O
4 4 4





... fNJ r~ rp m *3
o
lO o f^ c: ^ - QO C 3 o ^~; o
'JJ rn 4 4 4 4- 4-
LP II LU I.-' I U.' U'
n CNJ r\ CI i o •-^ pQ X —
<
h- sC CO P>
>r vJD ^r. <-\J O
rv PvJ PJ (p ^
o C") o o 7)
o r c^ ra /^>
CNJ 4 4 4 4 4
II UJ U LU X X
CM <~J . •> l^ '.P r>
CO Pv. r- :P J~ p~i
o fNJ LP. X p>j
(X r\ PN rv) pp
o r> o C-, O
o c-) t~3 C: c.
_h 4 4- X 4 4
II UJ LU LU UJ U
rv <~! (~l f— rP. rp>




^J —J Pv1 CNl PN.'









o O O o <"^
o o o o r^
on 4 + 4 4- 4
ii LU LU LU LU U.
no N- O r—1 Vt- r—
Xj X on ^^ r> r>
PvJ rv; PO Pv l\j
O O o ri r^
o O o o ^-^
r-- 4 4 4 4 4
II UJ LU JJ UJ LU
<\i r~- rr r—
'
>t r-
qq CD T> c o CT-
(\\ (\1 p\l rvi Pvl
o o o o o
o o o o o
sO 4 X 4- 4 4
ii LU LU UJ JJ IU
fNJ r- P> .-. r<~ sC
-Q C0 aj J- -ty "•s
rvi rv) PvJ no "VI
~>




O O O O O '—
>
•- O o o ^> o
^ j-n 4 4 4- 4 4
CO II LU JJ XJ UJ LUI





m X) X o o y\
i fNJ PvJ fNJ rv Pvl
co
<r
o o o o o
o o o o o
sj- 4 4 4 4 4
II UJ LU 'JJ LU Ul
rvi v0 r~ O fv) n
CC 33 CO re O CT
rvj r\j rv 1 rv; rv




O O o r_^ PjO o o O o
m 4 4 + 4 4
ii LU' Li LL L'J LU
-v Is-
-^ r\ .r.
n. cc a cr O i^
rvi rvi ^J rvi rvi
n O r> o ,
o o c o o
rvi 4 4 4 4 4
ii LU LU LU X.' U.
PvJ .—
i
rr r: Pvl i"
CO r> m rr- rr- .IN
rv/ rv CN! r%j r\j
o o r> r o
o ri o c r->
—
i
4 4 4 4 4
it JJ Ul J. U. UJ
f\i r~> -p, r-t —j m
L2 O "r- ? r> r^
rp fNj fv Pv' Px
.—i








































































ft ll IL. J
_} <\i u u>




































•i) • ) UJ
r^ + 4-










II LU L. '

















































r- C o c
O 0J _) c
^L 1^1 -f
"v^ II UJ u.
S- *J C\i c;
i- c '.. C^ •y
fO cu rv fNj







































































































ir a ! U
rsj CJ i i
—j i_j X.
u v J N
-> • •
U 1 r<^ <r
«r*
vO O C i
'_>
_>
2 m + +
>-< n 'J-' U '
— o. <_' -








a II '.: ' u
;
7" r\j l > ! )
















































•» IT. + +
,< 11 LL LU






LU m + +
I/! II LU LU
~
t
,- 1 . _ 1
'















































2! ip •f +
— II LU LU
>— <X <r r-












H l •*- t
!- l| *- L.1








































o o o o O
o o o o O
en 4- + 4- + +
ii UJ UL. UJ UJ UJ
rsj r> r\l 23 .o m
CO o> _( T» J"> _
LO f<~ o sfi •v*
M vt
-T lA J1
o o o o o
o o o o o
r*. 4- + 4- + 4-
ii UJ HI UJ JJ '.U





rv CO ..r —
'
J3
m r^ v* in J-.
O O o o O
O O ^> c o




_J rr> J'' If
O — c o
.n
>
UJ rv rO •st <r L"
2.
»0 O o o o o
» O 3 r_3 o o
o T> 4- — + J.
< II UJ 'JJ UJ u. .1
u. cm st t-. «J ^ ' >
_j ro in !T3 o f
y
"
i J~\ o o *-~* J^
(Y
UJ rv rrv m <t VJ"
<J O O o c o
t: O O o o CJ
^ 4- 4 + 4 +
ii UJ L! L ! I! >J J
D CM r N- J »». sOO 10 o J- r—
4
o o




_o og CM m ro •4"
Cfi
o O o r-> r:
V O O o f^i oO r^ 4 4- + +. 4-
Of II u L.J li-' u U_
XI CM vT '"'. 3 ^J
2" 23 c vf «o •-w/ c
UJ Q v" CO rv °
CM CM CM f. m
O O j-3 ^ r-O n r^ o n




u. UJ UJ '. !
rj (X! IT 'V f-) v.





~~t CM f\J CM r^,
o /-> o O r>
o O o r^j c^
.-4 4- + 4- +. 4-
II UJ :u uu ;;j iJJ
rv 3" o N^ j"i •r
CC io o ro vTi -r
m r> r\. i" r-
ri O o o n
o n n o r>
en 4- + 4> 4- 4-
ii UJ L . UJ UJ UJ
r\j >Tn CT) ir ^>s r*
CO r—
1
ff< r\j en rv
ro rv ^-i T» ^>
>+• X %T) j^ f^
O o O <-> a
o o O o D
r»- 4. 4- 4- 4- 4-
ii UJ UJ JJ •_LJ UJ
r\i INI o r> m en




ro <t LP J3 r~
O O O O O
o O O O O
-£> 4- 4- 4- 4 4-
ii LU U.1 UJ Ul U_:
rj -f IN) f^ : r~>
JO aj sf ^~ CC X
'r,
-4 aj m r\j
• • • • •
> m v* vf JO -c
UJ
i" o o o O o
-C o o o O c
•
-A 4- 4- 4- 4- 4-








Tv V.O rr\ "^^ .n
1
DC r\> ro <T vT i"
UJ
»~ ^ O o O O
< o o o O o
~%.
^f + + 4 4- -4
ii uu i u U U. J.
"V. <M o vT ^ v •




CM ro ro <r >T
33 c~> t_> c LJ Q
o l_> c o O
L!J r<~ + + 4- -r 4-
L/1 II u. LU .:
.
J- LL
n r\ LT" UJ ^3 • «^.
o CC r^- CvJ •J" ^ ir
!^ CO
-o X> ro,
rv Cvl rO r>~ ^r
ro o o o n
o o n n Cj
CM + 4 + 4- 4-
li UJ UJ UJ Lj U
CM •- st ro -4 «i)
C2 r~- m oj m rv
cr- ^J- cr ro CO
»—i r\; rj po ro
o O o o C">
o '-; o o o
•—
i
+ 4 4- 4- 4-
II UJ UJ Uv 1 _J
r\i (n .-^ vD (N. nT.
CO ri i-r\ »4 ir. vt
r- —J m c rr
<~t o o o r-
r~> ri o o o
CO 4- 4- 4- 4- 4-




SI s m m t m
r\j f\i r\j rv rv
O o o o o
o c~ n o o
r- 4- 4- 4- 4- 4-
II UJ UJ UJ >JJ UJ
r\i ^n rr r—
'
(\ ro
cO r~ r- or. cc a)
r\i rv r\i rv rv;
o r> o r^ o
o o o o o
\0 4- 4- 4- 4- 4-
"I UJ U JJ 1J .JJ
<\j m r- - o^ o
ac r- r- ^ r~- cn




vO o o o C O
» o c o o o
Ci JO 4- 4- 4- + 4-
< ii LU UJ 'JJ UJ J_
JJ rv. o .t *^ Jp r>
_J CO r- o- r— o- K_




<r O O O C O
3C O o o O CJ>
vj 4 r + 4-
•—
-
11 I J u 1 j UJ 1
o rv rr- . r <: CO
Ul ro v0 o •j- vC vC
'
Ovi rv rv rv tv
S- *-4 _ ^ __, r—
1
r- C
ro a o CO v. ^ O 3
ri CO CD '~\ o o
~-~» ro 4- + 4- 4. 4-
s-
ii u_ UJ U UJ l;
r- C





ro CD 'O vC U3 o •-"
i ;a r\j CVJ "V rv r«j






.-4 --» rv ro v*- i.r
cG
0,000
rv 4- + 4- 4- 4-
II UJ U i UJ UJ JJ
C\j vT; '"• LO -o c\j
zZ .n o in cn i.n
rv, c\ oj rv rv
o o o o oO o o o o
,.,4-4-4-4 4-
II UJ J- I. J LU JJ
rv r> vn o r- iA
cu vn m m v+- vf
rv n oj r\ oi





















o n o n o
n o o r-> C~)
en + 4- + + 4
it u_ UJ LU U-i UJ
no —« sO vT -^ m
cc vt ro IO r-i fs-
vt O -n r<-> .7-
r^ s.+ in i'
o o o o o
o ^5 o o o
N- 4» 4 4- * 4-
II UJ 'JJ UJ UJ LL
f\i 'O O vT r— O




m ro <f v-f in
o O O o C2
o o o o o
vD 4 + 4- 4- 4-





cO st ?c\ m O »r






sO O o O o c
* o o o O oQ n 4- 4- 4- 4- 4-
<r ii UJ W JJ UJ LL'
u_ r\j ^, C ; r- sO f J
_/ cn f~ CO m <r -O
i sT CO m co r<-,
7
n f\j rv m ro •J"
(V
.—
t~-s O o C o
o O c> O CJ)
vj 4- + + 4- 4-
CL n UJ LL' U ' LU UJ
r> .-N. vf f—
»
•^J ' * »—
£j n*. 'O r- c fT* r^
_J r--t m 0" st cr
•—
t
• • • »
3 rv' cm cm ""1 <>i
CO
..s O o o O
V o o o o £2
(2 r^ 4- 4- > 4- 4"
fi£ n UJ LL' u U.
UJ CM o — •; XJ >f
Z XI —
J
X) S^> o X
U_' o CM sO o sf
—i r\j r\j <*^ I-'"
o o o rs o
o o n o o
(V 4 + -»• -»- +
II LL! LU LLJ U) UJ
rv 'r o . n >c
EC ^"> m j-i c^ n
vD n ni n -i
»-< rv (N. C\i r<*.
o cr r; o o
r< n o o o
^J 4- 4- 4- 4- 4-
ii iu lj uj uj ai
fV ^o ro r- j-> rs-
uj c -j- fT> r\i -o
s.t h- f~. ».4- fs-
•-1






O O O D O
r~> ,n O O O
?T, 4- 4 4- 4- 4-
II LU LU Uj 111 U_
r\j »n o > u*i <t
32 ^-< r> r- ^t- (Svi
vt- v* "^ vO rs-
o o n o o
o r> o o o
h- 4- + 4- 4- 4-
II JJ JJ U I J_i UJ
r\i CO s+ - < ""« ir\
CD s.t u"\ rr- sT j-i
J-» ra O X vT)
m J to in sO
o o o o o
o o o o o
vC- 4- 4- 4- 4- 4-







J2 r-j o -M «s-\ L^
CM CO lT CM 7-
< • • • •
> m r^ sj* iT in
UJ
z-~ o o o O "
sO o O o a C2
•> u^ 4- 4- 4- 4- 4-
a l| UJ UJ UJ LJ LU





UJ rr> m o —* <r o
1
CO st o o m
cm ^ sj- -t m
O O O O O
c^ o o o o
sj- 4 4 4- 4- +
II 'l. 1 UJ U.I UJ UJ
X) r- o < —
<
o
s+ cr in — r>-
r\i (M rn s?- -f
O O ^3 O O
o c o o o
m 4- + 4- 4- 4-
II LU LL U< UJ U
f\j 3 jA r"s ;js ,—^
CD vC C"\J ^-< f\j >0
—
<
sO "H O r-<
rv cm m ro >t
o r^ r2 o n
o o o o r~)
(M 4- 4- * 4 4-
II UJ LU UJ 'JJ LU
CM sO CXI o *> T
CO N- ris r- rn X
aj cm r- —i sO
—i rv'CM "°i ^>
o o r; o o
r> n o o o
—i + 4 4- 4 -«-
It 'JJ J- LJJ iJJ UJ
r\i r-. r<~ .r O rr^
CO TsJ Os m O <^>
sO r> f<^ or. in
—J »_< fsj rvi rr\
O o o o n
o o o r> n
nr- 4- 4- + 4- 4-
ii 'JJ UJ u U LLI
CM f~- r-t in Ts .-sj
33 |s- CO m rr !T
CM rv r\j r\i rsj
r ft r-t ^ •—<
o O rs o n
o o r2 o r;
II UJ J J UJ UJ iJJ
rv sO o ^ h- r>
CC N cc rr cr, a^
rs.i rvi r\i rsi rvi
•—
'
•—4 — #— ( t—
'
o o O o o
o o o o e
sC 4- 4- 4- + 4-
11 UJ J J LiJ .u LU
r\j ijfN T VJ m CC
CO ts. r- CO ,- JO
IVJ rv rv rv ^v
>







O o O o o c
•» o o o LJ o
n n 4- 4- 4- + 4-
<r ii UJ LU UJ 'JJ UJ
UJ <"V r-. jT T- '•J l_p
_j m fs- r- r- CO CO




•— O o O O oO o o o
si + 4- 4 -r 4>





CM s^" o c*
33 r~ fs- r»- h- r-






CO OJ o a o r-^ o
C2 ^^ o O o




II LU Li LU LU LL'
CM T X r- — m
32 sC sO sT rs- |s~
CM CM rv rv VJ
•—4 r-4 r—i t—
^
r-4
o o o C "I
o o o o o
CM + + 4- 4- 4-
II LU UJ JU UJ UJ
CM ^> sTi m Vl'. r-
CO r-w sO sO wO sO
CM CM CM CM Tsl
o r> n r^ o
o o n o o
—* 4- 4- 4- 4 4-
ii UJ UJ UJ LU LiJ
CM r~- t— ro r- m
CO r»- sO sO n sQ
(V (V' (Nl Cs r\
h h m ^ st in
X3
-i ~4 rv c-> vt in
CD













b T b 2> I ron-Water lMeV
1 3 4
2.209 2.158 2.165 2.169 2.154 2.176 2.198
3.302 3.323 3.348 3.366 3.357 3.397 3.435
4.670 4.678 4.713 4.748 4.720 4.750 4.780
6.084 6.143 6.218 6.243 6.223 6.260 6.290
7.770 7.821 7.878 7.937 7.898 7.920 7.940
9.472 9.550 9.666 9.859 9.831 9.871 9.905
11.60 11.62 11.77 12.00 11.96 12.00 12.03







2.068 2.015 1.962 1.937 1.897 1.865 1.833
3.204 3.074 2.998 2.963 2.899 2.867 2.838
4.733 4.311 4.279 4.229 4.110 4.060 4.010
6.364 5.889 5.724 5.659 5.607 5.540 5.493
7.956 7.647 7.423 7.333 7.148 7.060 7.004
9.993 9.392 9.309 9.287 9.201 9.080 8.980
12.13 11.72 11.66 11.53 11.40 11.29 11.20
14.84 14.34 14.17 14.12 13.99 13.88 13.79
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Table C.34. Scattered Energy Buildup Factors, Br(b,,b
? ),










1.967 1.984 1.958 1.964 1.963 1.950 1.939
2.857 2.856 2.839 2.840 2.848 2.814 2.796
3.798 3.795 3.793 3.794 3.796 3.770 3.746
4.795 4.820 4.839 4.835 4.848 4.826 4.798
5.973 6.000 5.981 5.993 6.005 5.980 5.954
7.233 7.237 7.255 7.272 7.301 7.270 7.240
8.633 8.668 8.655 8.677 8.720 8.700 8.670





Lead- I ron lMeV
1 7
1.916 1.873 1.865 1.851 1.844 1.835 1.825
2.785 2.719 2.707 2.683 2.674 2.664 2.655
3.693 3.630 3.619 3.612 3.584 3.574 3.564
4.664 4.628 4 623 4.616 4.556 4.548 4.540
5.852 5.813 5.811 5.771 5.752 5.740 5.735
7.233 7.190 7.190 7.167 7.127 7.115 7.100
8.781 8.729 8.726 8.706 8.675 8.665 8.650
10.35 10.29 10.29 10.28 10.25 10.24 10.22
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Table C.35. Scattered Energy Buildup Factors, Br(b-,,b
? ),








1.424 1.403 1.401 1.394 1.385 1.365 1.346
1.692 1.656 1.657 1.648 1.628 1.608 1.588
1.944 1.899 1.884 1.885 1.867 1.852 1.840
2.160 2.118 2.110 2.093 2.083 2.068 2.058
2.341 2.303 2.295 2.282 2.268 2.248 2.240
2.509 2.476 2.466 2.456 2.444 2.420 2.410
2.657 2.630 2.622 2.609 2.590 2.570 2.560





I ron- Lead lMeV
1
1.456 1.419 1.404 1.395 1.374 1.367 1.360
1.752 1.684 1.658 1.647 1.643 1.628 1.605
2.016 1.926 1.897 1.886 1.869 1.852 1.840
2.247 2.147 2.117 2.092 2.082 2.067 2.056
2.408 2.334 2.289 2.275 2.264 2.240 2.230
2.568 2.497 2.465 2.451 2.439 2.418 2.408
2.714 2.642 2.613 2.599 2.584 2.566 2.556
2.834 2.773 2.730 2.708 2.705 2.680 2.670
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Table C.36. Scattered Energy Buildup Factors, Br(b,,b ? ),








1.662 1.703 1.721 1.733 1.746 1.748 1.749
2.212 2.270 2.296 2.313 2.326 2.328 2.330
2.781 2.849 2.882 2.908 2.909 2.910 2.917
3.362 3.443 3.488 3.500 3.509 3.510 3.518
3.940 4.053 4.076 4.103 4.113 4.120 4.123
4.514 4.622 4.650 4.677 4.706 4.712 4.717
5.073 5.212 5.264 5.290 5.299 5.310 5.320







1.592 1.638 1.657 1.667 1.674 1.679 1.683
2.142 2.212 2.239 2.256 2.273 2.277 2.280
2.712 2.793 2.833 2.863 2.870 2.874 2.877
3.284 3.388 3.436 3.459 3.478 3.482 3.485
3.852 3.982 4.027 4.060 4.081 4.086 4.091
4.420 4.541 4.606 4.650 4.689 4.698 4.708
4.975 5.120 5.175 5.238 5.281 5.301 5.315
5.557 5.699 5.768 5.859 5.894 5.920 5.940
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Table C.37. Scattered Energy Buildup Factors, Br(b,,b
? ),






) Water- I ron 3MeV
1
1.572 1.609 1.624 1.644 1.638 1.639 1.640
2.068 2.121 2.141 2.173 2.167 2.162 2.158
2.609 2.685 2.708 2.753 2.728 2.720 2.710
3.175 3.268 3.304 3.345 3.316 3.302 3.280
3.758 3.875 3.896 3.965 3.923 3.908 3.883
4.356 4.472 4.523 4.590 4.539 4.521 4.495
4.953 5.110 5.158 5.240 5.184 5.160 5.135





Lead- I ron 3MeV
1
1.511 1.562 1.582 1.593 1.600 1.604 1.608
2.000 2.079 2.109 2.126 2.143 2.145 2.146
2.555 2.641 2.676 2.706 2.712 2.714 2.715
3.113 3.223 3.276 3.291 3.308 3.313 3.317
3.667 3.820 3.879 3.899 3.916 3.925 3.930
4.234 4.413 4.485 4.520 4.555 4.568 4.578
4.790 4.991 5.081 5.119 5.141 5.153 5.163
















1.333 1.310 1.322 1.328 1.332 1.330 1.328
1.575 1.587 1.601 1.605 1.614 1.610 1.606
1.835 1.885 1.902 1.911 1.910 1.905 1.900
2.118 2.187 2.215 2.216 2.223 2.216 2.209
2.432 2.513 2.538 2.542 2.547 2.533 2.522
2.731 2.830 2.851 2.862 2.875 2.860 2.848
3.043 3.150 3.171 3.184 3.202 3.192 3.182







1.267 1.305 1.324 1.331 1.336 1.335 1.334
1.544 1.587 1.607 1.613 1.621 1.615 1.610
1.819 1.874 1.900 1.916 1.917 1.913 1.909
2.113 2.181 2.218 2.221 2.227 2.217 2.210
2.414 2.507 2.532 2.543 2.551 2.541 2.532
2.723 2.816 2.850 2.859 2.865 2.857 2.852
3.033 3.152 3.177 3.184 3.198 3.188 3.178




Table C.39. Scattered Energy Buildup Factors, Br(b,,b«),








1.436 1.485 1.506 1.520 1.530 1.533 1.535
1.808 1.865 1.891 1.908 1.920 1.912 1.910
2.188 2.253 2.282 2.300 2.310 2.308 2.305
2.563 2.637 2.667 2.686 2.692 2.694 2.696
2.925 3.007 3.037 3.056 3.067 3.073 3.080
3.248 3.345 3.375 3.398 3.414 3.420 3.425
3.570 3.663 3.694 3.720 3.734 3.739 3.744







1.363 1.437 1.473 1.496 1.517 1.525 1.531
1.720 1.809 1.854 1.884 1.911 1.909 1.904
2.072 2.175 2.227 2.262 2.291 2.291 2.292
2.417 2.530 2.588 2.624 2.650 2.655 2.660
2.741 2.863 2.923 2.959 2.991 2.997 3.005
3.009 3.143 3.207 3.248 3.278 3.284 3.290
3.267 3.407 3.478 3.520 3.553 3.558 3.565
3.506 3.648 3.721 3.766 3.800 3.805 3.810
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Table C.40. Scattered Energy Buildup Factors, Br(b,,b
2 )»






Water- I ron 6MeV
1
1.374 1.404 1.416 1.423 1.427 1.430 1.434
1.738 1.765 1.780 1.792 1.797 1.800 1.804
2.121 2.178 2.192 2.203 2.206 2.209 2.212
2.554 2.609 2.626 2.639 2.642 2.647 2.652
2.988 3.060 3.083 3.098 3.104 3.109 3.114
3.459 3.529 3.560 3.578 3.579 3.585 3.590
3.947 4.019 4.047 4.069 4.071 4.077 4.083
4.442 4.515 4.545 4.568 4.569 4.575 4.581
B^(br b 2 ) Lead- Iron 6MeV
1 7
1.326 1.383 1.411 1.429 1.443 1.454 1.464
1.666 1.742 1.781 1.808 1.829 1.836 1.844
2.031 2.126 2.177 2.212 2.238 2.248 2.259
2.417 2.533 2.595 2.636 2.665 2.680 2.695
2.815 2.955 3.027 3.076 3.112 3.132 3.162
3.234 3.393 3.475 3.530 3.572 3.593 3.614
3.669 3.836 3.942 4.004 4.050 4.073 4.096
4.123 4.307 4.409 4.475 4.523 4.548 4.573
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Table C.41 . Scattered Energy Buildup Factors, B^b-j.bp)*





(b r b 2 ) Water-Lead 6MeV
1 3 7
1.179 1.204 1.214 1.220 1.221 1.224 1.227
1.383 1.409 1.423 1.430 1.432 1.435 1.437
1.615 1.660 1.673 1.679 1.680 1.683 1.685
1.883 1.926 1.942 1.950 1.952 1.956 1.958
2.159 2.220 2.239 2.247 2.250 2.254 2.257
2.468 2.538 2.559 2.567 2.569 2.573 2.576
2.803 2.878 2.898 2.906 2.910 2.914 2.918





) I ron-Lead 6MeV
1
1.174 1.207 1.221 1.229 1.234 1.238 1.242
1.376 1.416 1.433 1.441 1.448 1.451 1.455
1.607 1.656 1.675 1.689 1.696 1.703 1.710
1.867 1.926 1.947 1.961 1.967 1.979 1.990
2.138 2.212 2.238 2.254 2.263 2.275 2.288
2.449 2.522 2.552 2.569 2.581 2.593 2.604
2.774 2.855 2.883 2.903 2.917 2.928 2.937




Table C.42. Energy Fluxes, I^ (b
1
+b
2 ), for lMeV Photons in
Two-Layered Slabs of Iron-Water and Lead-Water.
T<V b 2> Iron-Water lMeV
1 1 .392 M) 1 .554 :-d 1 .6111:-n 1 .6381:-n 1 .6471:-i)
2 3.7061:-2) 4.144 :-2) 4.301 I:-2) 4.3681'-2) 4.382 :-2)
3 1 .0931:-2) 1 .218 :-2) 1 .2591:-2) 1 .2741 -2) 1 .274 :-2)
4 3.3621:-3) 3.730 :-3) 3.841
1
:-3) 3.8751'-3) 3.863 :-3)
5 1 .063 :-3) 1 .174 ;-3) 1 .2051:-3) 1 .211 1:-3) 1 .204 1-3)
6 3.419 :-4) 3.7621:-4) 3.8491:-4) 3.8581:-4) 3.8271:-4)
7 1.116 :-4) 1 .2241'-4) 1 .2481:-4) 1 .2481:-4) 1 .234 :-4)
8 3.681
1
;-5) 4.024 :-5) 4.096 :-5) 4.0861:-5) 4.034 :-5)
I*
u
<v b 2> Lead-Water lMeV
1 597( -1) 1 91 9 ( -1) 2 098( -1) 2 202( -1) 2.301
(
-1)
4 441 ( -2) 5 498( -2) 6 100( -2) 6 471 ( -2) 6.814! -2)
1 345( -2) 1 681 ( -2) 1 877 ( -2) 2 000( -2) 2.124( -2)
4 202( -3) 5 278( -3) 5 . 91 7 ( -3) 6 31 0( -3) 6.6821'-3)
1 .340( -3) 1 688( -3) 1 897( -3) 2 025( -3) 2.148!:-3)
4 .343( -4) 5 ,479( -4) 6 . 1 65 ( -4) 6 585( -4) 6.99211-4)
1 .424( -4) 1 .798( -4) 2 .026( -4) 2 164( -4) 2.300 :-4)








, for lMeV Photons in
Two-Layered Slabs of Water-Iron and Lead-Iron.
'n>l +b 2> Water- Iron lMeV
1 1 .374 ;-D i 445 :-d i 4801:-n 1 . 472 ( -1) 1 .464 :-d
2 3.691 ;-2) 3 9121:-2) 3 9641 -2) 3.938( -2) 3.8921;-2)
3 1 .088 :-2) 1 1531:-2) 1 1 58 '-2) 1 .148( -2) 1 .1291:-2)
4 3.3521:-3) 3 5361,-3) 3 5361 -3) 3.485( -3) 3.417 :-3)
5 1 .059 ;-3) 1 1131 -3) 1 1091 -3) 1 .089( -3) 1 .064 ;-3)
6 3.410 :-4) 3 570 :-4) 3 5421'-4) 3.468( -4) 3.381 1:-4)
7 1.113 :-4) 1 161 :-4) 1 1491'-4) 1 .122( -4) 1 .091
1
:-4)
8 3.671 :-5) 3 8191:-5) 3 7681:-5) 3.671 ( -5) 3.564 .-5)
I=
u (b 1+ b 2 ) Lead- Iron lMeV
1 738( -1) 2 038( -1) 2 1751 -1) 2 264 :-d 2 3251;-d
4 944( -2) 5 9371 -2) 6 421 1'-2) 6 746!:-2) 6 972 '-2)
1 497( -2) 1 8161 -2) i 9761,-2) 2 0851'-2) 2 161 1'-2)
4 678( -3) 5 704( -3) 6 2271:-3) 6 586 :-3) 6 8391:-3)
1 .492( -3) 1 825< -3) 1 9971'-3) 2 115 :-3) 2 198!;-3)
4 . 835( -4) 5 .9231 -4) 6 4871:-4) 6 879 :-4) 7 157 :-4)
1 .585( -4) 1 .9441:-4) 2 132 :-4) 2 262 :-4) 2 3591'-4)









, for lMeV Photons in
Two-Layered Slabs of Water-Lead and Iron-Lead.









1 301 1:-d i 3001:-n i 2821:-d i 2481 -1) i 2181 -1)
3 4701:-2) 3 .4651:-2) 3. 3891'-2) 3 2791'-2) 3 1821'-2)
1 016 '-2) 1 .009!'-2) 9 8221'-3) 9 .4571'-3) 9 1371'-3)
3 1091:-3) 3 0761'-3) 2 9821:-3) 2 .8601 -3) 2 754! -3)
9 7921:-4) 9 6551 -4) 9 3291:-4) 8 .9181 -14) 8 563 :-4)
3 147 :-4) 3 0941:-4) 2 982 :-4) 2 .8431:-4) 2 7241'-4)
1 027 :-4) 1 0071:-4) 9 689 :-5) 9 .2201.-5) 8 819 :-5)
3 396 '-5) 3 324 :-5) 3 191 1:-5) 3 031 :-5) 2 895 :-5)
I*
u
<vb 2 > I ron-Lead lMeV
1 1 . 375
(
-1) 1 .4501 -1) 1 .465! -1) i 463! -1) 1 .453!:-n
2 3 . 676 -2) 3.8631 -2) 3.8861:-2) 3 .8601 -2) 3 .815! -2)
3 1 . 077( -2) 1 .1261 -2) 1 .1281'-2) 1 1151 -2) 1 .0971 -2)
4 3.299( -3) 3.434< -3) 3.426! -3) 3 .3761 -3) 3 311 { -3)
5 1 .039( -3) 1 .0781'-3) 1 .072 :-3) 1 0531 -3) 1 .0301:-3)
6 3.342( -4) 3.456!>4) 3.429 :-4) 3 .361 1'-4) 3 .281 :-4)
7 1 .091 ( -4) 1 . 126 :-4) 1.114 1-4) 1 .091 !'-4) 1 .063!'-4)




Table C.45. Energy Fluxes, I* (t^+t^), for 3MeV Photons in
Two-Layered Slabs of Iron-Water and Lead-Water
i^(b 1+ b 2 > I ron- Water 3MeV
1 1 .791
1
:-n 1 9031:-n 1 .9371:-d i .9471:-n i .9441 -1)
2 5.0241'-2) 5 3251:-2) 5.399 :-2) 5 .406 :-2) 5 .399 :-2)
3 1 .4951:-2) 1 5771'-2) 1 .5921:-2) 1 .588 :-2) 1 .581 I'-2)
4 4.586 :-3) 4 818 :-3) 4.847!:-3) 4 .820 :-3) 4 .7851:-3)
5 1 .4371'-3) 1 5051:-3) 1 .5091:-3) 1 .497 :-3) 1 .4821:-3)
6 4.5821 -4) 4 7791'-4) 4.8031 -4) 4 .758 :-4) 4 .681 1:-4)
7 1 .4781'-4) 1 5371 -4) 1 .536 :-4) 1 .518 '-4) 1 .5051 -4)
8 4.837( -5) 5 017 '-5) 5.0041 -5)' 4 .939 '-5) 4 .8701 -5)
c<v b 2 ) Lead-Water 3MeV
2 004( -1) 3.176( -1) 2 224< -1) 2 277 ( -1) 2 .2961:-d
5 676( -2) 6 . 1 74 ( -2) 6 3661 -2) 6 4521 -2) 6 .492 :-2)
1 691 ( -2) 1 . 837
(
-2) 1 888< -2) 1 .9081 -2) 1 .915 :-2)
5
. 1 92 ( -3) 5.621 ( -3) 5 .7601:-3) 5 .8071 -3) 5 .812 :-3)
1 627 ( -3) 1 .756( -3) 1 .7951:-3) 1 .8061'-3) 1 .803!:-3)
5 .189( -4) 5.610( -4) 5 693 :-4) 5 .7091:-4) 5 .695 :-4)
1 673( -4) 1 .795( -4) 1 .827 :-4) 1 .8351'-4) 1 .838 :-4)
5 .470( -4) 5.858( -4) 5 .952 :-4) 5 .953!:-4) 5 .929 :-4)
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, for 3MeV Photons in
Two-Layered Slabs of Water-Iron and Lead-Iron.



















































































U (b 1+ b 2 ) Lead- Iron 3MeV
1 2 1 85 ( -1) 2.353( -1) 2.4191:-n 2.452! -1) 2.4701:-d
2 6 417( -2) 6.932( -2) 7.127 :-2) 7.221 1'-2) 7.2641'-2)
3 1 966( -2) 2.119( -2) 2.175 :-2) 2.198< -2) 2.2071'-2)
4 6 179( -3) 6.637( -3) 6.7991'-3) 6.8571 -3) 6.8691 -3)
5 1 977 ( -3) 2.119( -3) 2.1641:-3) 2.1771'-3) 2.1791'-3)
6 6 41 9 ( -4) 6.860( -4) 6.993 :-4) 7.0291'-4) 7.0131:-4)
7 2 ,108( -4) 2 . 247 ( -4) 2.2951:-4) 2.3071'-4) 2.2941:-4)




Table C.47. Energy Fluxes, I^ u (b
1
+b
2 ), for 3MeV Photons in
Two-Layered Slabs of Water-Lead and Iron-Lead.
'n
U
<V b 2> Water-Lead 3MeV
1 2.202 :-n 2.2831
r
-D 2.3051:-d 2.311 ( -1) 2.311 !:-d
2 6.8431'-2) 7.0991 -2) 7.161 1'-2) 7.1701'-2) 7.1591 -2)
3 2.1971:-2) 2.275! -2) 2.290!:-2) 2.2901'-2) 2.2851 -2)
4 7. 1881'-3) 7.427 -3) 7.465 :-3) 7.451 1,-3) 7.4221 -3)
5 2.385!'-3) 2.460 :-3) 2.468 -3) 2.4601:-3) 2.448! -3)
6 8.000!'-4) 8.231 -4) 8.250 :-4) 8.216 ;-4) 8.168! -4)
7 2.7071!-4) 2.7821:-4) 2.784 :-4) 2.771 :-4) 2.7521'-4)
8 9.234 ,-5) 9.472 '-5) 9.472 :-5) 9.417 :-5) 9.3481:-5)
C(vb 2 ) I ron-Lead 3MeV
2 247( -1) 2 339! -1) 2 364! -1) 2 369! -1) 2 368! -1)
6 970( -2) 7. 2481 -2) 7 309! -2) 7 3101'-2) 7 2881:-2)
2. 235( -2) 2 3181,-2) 2 332! -2) 2 326!,-2) 2 315 :-2)
7. 307( -3) 7 557 ,-3) 7 5841 -3) 7 5521 -3) 7 504 :-3)
2 423( -3) 2 499 :-3) 2 503! -3) 2 489 :-3) 2 .469 :-3)
8 123( -4) 8 360 :-4) 8 3571:-4) 8 298!:-4) 8 2241:-4)
2 748( -4) 2 823 :-4) 2 .818 :-4) 2 .794 ;-4) 2 .769 1-4)




Table C.48. Energy Fluxes, I* (t^+t^), for 6MeV Photons in
Two-Layered Slabs of Iron-Water and Lead-Water.
C'w I ron-Water 6MeV
1 1 .788 :-k 1 .953 ;-D 2.009 :-d 2.029 :-n 2.0331:-n
2 5.0891:-2) 5.5291'-2) 5.6491
r
-2) 5.669!:-2) 5.647 :-2)
3 1 .5091,-2) 1 .6301 -2) 1 .6571;-2) 1 .655 :-2) 1 .6421:-2)
4 4.5961:-3) 4.9451 -3) 5.0051'-3) 4.981 1:-3) 4.9251:-3)
5 1 .4301:-3) 1 .5331 -3) 1 .5471:-3) 1 .5351:-3) 1.5141'-3)
6 4. 5231:-4) 4.8361 -4) 4.8681:-4) 4.821 1:-4) 4.745 -4)
7 1 .451 ,-4) 1 .5481 -4) 1 .555 '-4) 1 .537 :-4) 1 .511 ( -4)
8. 4.7131,-5) 5.0171 -5) 5.031 :-5) 4.966 :-5) 4.8731 -5)
lj u<vb 2 ) Lead-Water 6MeV
1 797 ( -1) 2 .0161 -1) 2 .086( -1) 2 1101;-n 2 112!:-n
5 076( -2) 5 6561 -2) 5 798( -2) 5 805 :-2) 5 .7591 -2)
1 499( -2) 1 6591:-2) 1 b87( -2) 1 677 :-2) 1 651 :-2)
4 553 ( -3) 5 0101 -3) 5 .066( -3) 5 007 1-3) 4 901 1 -3)
1 41 3 ( -3) 1 .5481 -3) 1 .559( -3) 1 533 :-3) 1 4951'-3)
4 .463( -4) 4 .873 :-4) 4 887( -4) 4 790 :-4) 4 .654 :-4)
1 .430( -4) 1 .5571:-4) 1 557 ( -4) 1 521 :-4) 1 474 :-4)




Table C.49. Energy Fluxes, ^"(t^+t^), for 6MeV Photons in
Two-Layered Slabs of Water-Iron and Lead-Iron.
C<v b 2 > Water- I ron 6MeV





2 6.974 :-2) 7.612 :-2) 7.8351'-2) 7.9191:-2) 7.9691:-2)
3 2.222 ,-2) 2.422 '-2) 2.4891'-2) 2.512 '-2) 2.526 :-2)
4 7. 1741'-3) 7.8081:-3) 8.0161 -3) 8.081 '-3) 8.119 :-3)
5 2. 344 -3) 2.548 :-3) 2.6131:-3) 2.632 :-3) 2.643 :-3)
6 7. 7401 -4) 8.401 :-4) 8.6081,-4) 8.664 :-4) 8.695 :-4)
7 2.578 >4) 2.795 '-4) 2.8621 -4) 2.879 :-4) 2.888 :-4)
8 8.655 :-5) 9.375 ,-5) 9.5931:-5) 9.6431:-5) 9.671 :-5)
C(b 1+ b 2 ) Lead- I ron 6MeV
2 040( -1) 2. 334( -1) 2. 441 ( -1) 2 488( -1) 2 509( -1)
6 271 ( -2) 7 168( -2) 7 460( -2) 7 564( -2) 7 585< -2)
1 . 982( -2) 2. 255 ( -2) 2 3341 -2) 2 354( -2) 2 349( -2)
6. 367 ( -3) 7. 211 ( -3) 7 431 :-3) 7 465( -3) 7 4191 -3)
2 072( -3) 2 338( -3) 2 401 :-3) 2 .403( -3) 2 3801:-3)
6 820( -4) 7 669( -4) 7 850 :-4) 7 ,833( -4) 7 7361:-4)
2 266( -4) 2 541 ( -4) 2 593 :-4) 2 .581 ( -4) 2 542 :-4)








), for 6MeV Photons in
Two-Layered Slabs of Water-Lead and Iron-Lead.
C(b 1+ b 2 > Water-Lead 6MeV
1 2.709 :-n 2.921 ;-n 2.993 :-d 3.026 :-d 3 .042 :-d
2 9.4921:-2) 1 .026 :-D 1 .051 :-n 1 .0621:-d 1 .067 :-d
3 3. 327 :-2) 3.5941:-2) 3.6801;-2) 3.716 :-2) 3 .732 :-2)
4 1 .1721 -2) 1 .265 :-2) 1 .2951 -2) 1 .307 :-2) 1 .312 '-2)
5 4. 1541•-3) 4.4821:-3) 4.583!'-3) 4.6251'-3) 4 .641 I'-3)
6 1 .481 ( -3) 1 .597 ,-3) 1 .6331'-3) 1 .6471:-3) 1 .6531:-3)
7 5.3121 -4) 5.7241,-4) 5.849 :-4) 5.9001:-4) 5 .918 :-4)
8 1 .9141 -4) 2.0621 -4) 2.1061 -4) 2.1241'-4) 2 .131 :-4)
I*
u
<vb 2 ) I ron-Lead 6MeV
2 523( -1) 2 774( -1) 2 8651:-n 2 905!:-d 2 926 ( -1)
8 779( -2) 9 658( -2) 9 9601 -2) 1 .009!:-n 1 01 5( -1)
3. 068( -2) 3 371 1 -2) 3 473 :-2) 3 513!'-2) 3 532 ( -2)
1 079( -2) 1 1841:-2) 1 219 :-2) 1 .232! -2) 1 238( -2)
3 823( -3) 4 1901'-3) 4 309 :-3) 4 .3531:-3) 4 373 ( -3)
1 362 ( -3) 1 4921.-3) 1 533!:-3) 1 .549!:-3) 1 555 ( -3)
4 884( -4) 5 .3451,-4) 5 .491 :-4) 5 .5441:-4) 5 . 566 ( -4)
1 .760( -4) 1 .9251:-4) 1 .977 :-4) 1 .996 1-4) 2 .008( -4)
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1 1 .744 1 .977 1 .994 1 ,.370 1 .529 1 .546
2 2.460 2.825 2.856 1 ,.635 1 .832 1 .852
3 3.236 3. 732 3. 775 1 .870 2.099 2.123
4 4.070 4.709 4.763 2 .090 2.344 2.370
5 4.945 5.811 5.878 2 .300 2.574 2.602
7 6.842 8.024 8.085 2,.680 3.010 3.040
Water- I ron Lead- I ron
1 1 .800 1 .998 2.005 1 .370 1 .489 1 .494
2 2.660 2.960 2.969 1 .635 1 .778 1 .784
3 3.590 4.035 4.047 1 .870 2.041 2.047
4 4.645 5.226 5.241 2.090 2.277 2.284
5 5.776 6.531 6.548 2.300 2.496 2.504
7 8.341 9.468 9.504 2.680 2.901 2.911
Water-Lead Iron-Lead
1 1 .800 1 .832 1 .832 1 .744 1 .774 1 .774
2 2.660 2.715 2.715 2.460 2.508 2.508
3 3.590 3.663 3.663 3.236 3.293 3.293
4 4.645 4.742 4.742 4.070 4.135 4.135
5 5.776 5.922 5.922 4.945 5.033 5.033
7 8.341 8.553 8.555 6.842 6.998 6.998
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(br l) B £ (b 1 ,2)
1 1 .485 1 .543 1 .545 1 .327 1 .362 1 .363
2 1 .930 2.022 2.025 1 .604 1 .654 1 .656
3 2.390 2.524 2.528 1 .893 1 .955 1 .958
4 2.872 3.048 3.053 2.191 2.267 2.270
5 3.376 3.592 3.597 2.498 2.589 2.593
7 4.425 4.743 4.749 3. 144 3.271 3.276
Water- I ron Lead- I ron
1
1 .524 1 .575 1 .576 1 ,.327 1 .352 1 ,.353
2 1 .996 2.079 2.080 ' 1 .604 1 ,.641 1 ,.642
3 2.475 2.593 2.594 1 ,.893 1 ,.939 1 ,.940
4 2.961 3. 121 3. 123 2 .191 2,.246 2 .247
5 3.453 3.638 3.640 2 .498 2 .565 2 .566
7 4.439 4.690 4.692 3 .144 3 .240 3..241
Water-Lead I ron-Lead
1 1 .525 1 .533 1 .533 1 .485 1 .493 1 .493
2 1 .996 2.010 2.010 1 .930 1 .942 1 .942
3 2.475 2.495 2.495 2.390 2.408 2.408
4 2.961 2.988 2.988 2.872 2.897 2.897
5 3.453 3.485 3.485 3.376 3.403 3.403
7 4.439 4.484 4.484 4.425 4.462 4.462
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Table C.53. Interface Energy Buildup Factors, Br(b,,b
? ),
for 6MeV Photons in Two-Layered Slabs.







(br 2) B^b^ B E (b 1 ,1) B E (b 1 ,2)
1 1 .328 1 .356 1 .357 1 .204 1 .226 1 .226
2 1 .609 1 .652 1 .652 1 .377 1 .403 1 .403
3 1 .907 1 .963 1 .964 1 .567 1 .599 1 .600
4 2.222 2.291 2.292 1 .779 1 .818 1 .819
5 2.550 2.636 2.637 2.013 2.059 2.060
7 3.244 3.369 3.370 2.555 2.624 2.625
Water- I ron Lead- Iron
1 1 .384 1 .422 1 .423 1 .204 1 .234 1 .234
2 1 .698 1 .752 1 .752 1 .377 1.411 1 .411
3 2.010 2.077 2.078 1 .567 1 .607 1 .608
4 2.317 2.397 2.398 1 .779 1 .825 1 .826
5 2.617 2.710 2.711 2.013 2.067 2.068
7 3.193 3.308 3.310 2.555 2.629 2.630
Water-Lead I ron-Lead
1 1 .384 1 .407 1 .407 1 .328 1 ,.350 1 .350
2 1 .698 1 .728 1 .728 1 .609 1 .636 1 .636
3 2.010 2.045 2.045 1
,
.907 1 .939 1 ,.939
4 2.317 2.357 2.357 2 .222 2 .259 2 .259
5 2.617 2.665 2.665 2 .550 2 .593 2 .593
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1 0.0890 0.0994 0.1002
Water 3 0.0238 0.0249 0.0250
6 0.0132 0.0133 0.0133
1 0.0840 0.0916 0.0920
Al umi num 3 0.0222 0.0229 0.0230
6 0.0164 0.0166 0.0166
1 0.0650 0.0697 0.0701
Iron 3 0.0183 0.0184 0.0184
^ 6 0.0205 0.0208 0.0208
1 0.0280 0.0290 0.0290
Tin 3 0.0103 0.0104 0.0104
6 0.0188 0.0188 0.0188
1 0.0110 0.0110 0.0110
Lead 3 0.0055 0.0055 0.0055
6 0.0154 0.0154 0.0154
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Tab! e C.56. Scattered Energy Flux Albedos, a.(b-,,b
? ), for
lMeV Photons in Two-Layered Slabs.
I ron-Wa ter Lead-Water


















1 0.193 0.203 2. 16 2.03 0.189 0.205 2 .12 2 .05
2 0.189 0.203 2 12 2.03 0.170 0.184 1 .91 1 .84
3 0.182 0. 196 2 04 1 .96 0.161 0.175 1 .81 1 .75
4 0.179 0.193 2 01 1 .93 0.151 0.165 1 .70 1 .65
5 0. 197 0.211 2 21 2.11 0.142 0.155 1 .60 1 .55
7 0.187 0. 196 2 10 1 .96 0.142 0.155 1 .60 1 .55
Water- Iron Lead- I ron
1 0. 166 0.169 2.55 2 41 0. 145 0.146 2 .23 2 .09
2 0.141 0. 144 2.17 2 06 0. 123 0.124 1 89 1 .77
3 0. 147 0.149 2.26 2 13 122 0.123 1 88 1 .76
4 0.142 0.144 2.18 2 06 0. 112 0.114 1 .72 1 .63
5 0.144 0. 147 2.22 2 10 0. 101 0.103 1 .55 1 .47
7 0.145 0. 149 2.23 2 13 0. 093 0.096 1 .43 1 .37
Water-Lead Iron-L ead
1 0.026 0.026 2.36 2 36 0. 026 0.026 2 .36 2 .36
2 0.026 0.026 2.36 2 36 025 0.025 2 .27 2 .27
3 0.024 0.024 2. 18 2 18 0. 021 0.021 1 .91 1 .91
4 0.023 0.023 2.09 2 .09 018 0.018 1 .64 1 .64
5 0.028 0.028 2.54 2 54 020 0.020 1 .82 1 .82
7 0.028 0.028 2. 54 2 .54 025 0.025 2 .27 2 .27
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Tab le C.57. Scattered Energy Flux Albedos, a*(b-,,b
2 ), for


































1 0.0713 0.0732 3.00 2 94 0423 0438 1 .78 1 .76
2 0.0733 0.0755 3.08 3 03 0. 0435 0453 1 .83 1 .82
3 0.0792 0.0813 3.33 3. 26 0425 0438 1 .79 1 .76
4 0.0810 0.0833 3.40 3 35 0435 0454 1 .83 1 .82
5 0.0811 0.0836 3.41 3. 36 0450 0467 1 .89 1 .88
7 0.0858 0.0888 3.61 3 57 0485 0500 2 .04 2 .01
Water- Iron Lead- I ron
1 0. 0622 0. 0640 3 40 3 48 0. 0302 0318 1 .65 1 .73
2 0. 0649 0. 0661 3. 55 3 59 0. 0316 0325 1 .73 1 .77
3 0. 0675 0. 0685 3 69 3 72 0302 0310 1 .65 1 .68
4 0. 0723 0. 0735 3 95 3 99 0309 0318 1 .69 1 .73
5 0. 0680 0. 0693 3. 72 3. 77 0325 0334 1 .78 1 .82
7 0677 0. 0690 3 70 3 75 0. 0360 0370 1 .97 2 .01
Water- Lead Iron-Lead
1 0.0071 0.0071 1 .29 1 .29 0.0060 0060 1 .09 1 .09
2 0.0080 0.0080 1 .45 1 .45 0.0073 0073 1 .33 1 .33
3 0.0102 0.0102 1 .85 1 .85 0.0089 0089 1 .62 1 .62
4 0.0109 0.0109 1 .98 1 .98 0.0106 0106 1 .93 1 .93
5 0.0107 0.0107 1 .95 1 .95 0.0093 0093 1 .69 1 .69
7 0.0115 0.0115 2 .09 2 .09 0.0093 0093 1 .69 1 .69
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Table C.58. Scattered Energy Flux Albedos, a (b,,b
2 ), for
6MeV Photons in Two-Layered Slabs.
I ron-Water Lead-Water
vw s , u a (b lf b 2 ) s . u
b
2
-i V 2 b 2-i b 2 = 2 b 2 -1 V 2 b 2 -l




0.0457 0.0464 3.46 3.49 0.0296 0.0305 2.24 2.29
0.0477 0.0482 3.61 3.62 0.0324 0.0331 2.45 2.49
0.0470 0.0475 3.56 3.57 0.0330 0.0336 2.50 2.53
0.0463 0.0468 3.51 3.52 0.0334 0.0340 2.53 2.56
0.0473 0.0477 3.58 3.59 0.0339 0.0345 2.57 2.59
0.0502 0.0507 3.80 3.81 0.0360 0.0365 2.72 2.74
0450 0. 0468 2 20 2 25 0325 0344 1 .59 1 .65
0480 0. 0487 2. 34 2 34 0339 0352 1 .65 1 .69
0468 0476 2 28 2 29 0336 0347 1 .64 1 .67
0457 0466 c . 23 2 24 0329 0336 1 .60 1 .62
0448 0455 2 18 2 19 0337 0345 1 .64 1 .66
0433 0441 2 11 2 12 0342 0352 1 .67 1 .69
Water- Lead I ron- Lead
0.0190 0.0190 1.23 1.23 0.0191 0.0191 1.24 1.24
0.0211 0.0211 1.32 1.32 0.0190 0.0190 1.23 1.23
0.0201 0.0201 1.30 1.30 0.0181 0.0181 1.18 1.18
0.0191 0.0191 1.24 1.24 0.0181 0.0181 1.18 1.18
0.0199 0.0199 1.29 1.29 0.0176 0.0176 1.14 1.14
0.0190 0.0190 1.23 1.23 0.0165 0.0165 1.07 1.07
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Table C.59. The Mass Energy-Absorption Coefficient of Air
in the Energy Group Structure of the Calculated




































































Table C.60. The Mass Energy-Absorption Coefficient of Air
in the Energy Group Structure of the Calculated


























































































The Mass Energy -Absorption Coefficient of Air
in the Energy Group Structure of the Calculated
Results for a 6MeV Source.






































































I (b,+bp), for lMeV Photons in Slabs of Iron
Fo 1 1 owed by Water.
IRON-WATER, lMEVtB 1 = 1
G^P \ 82 = 1 B2=2 B2 = 3 82=4 82=5
1 1. 5 832 E +00 1., 4 7 5 1 E + 00 1 .387AE+CC 1. 3C75E+C0 1. 23 3 5E+00
2 1. 5 148 F+0 1,. A 1 9 3 E + 00 I . 3 A 1 1 E 4 C C 1. 2 707E + CG L. 2 06AE+C0
3 1. 3847E+00 1.. 3134E + 00 1 .2531E+CC 1. 2CC9E+C0 1. 155CE+00
A 1. 2945E+00 1,. 2 3 1 7 E + 0C I .1 820E+CC 1. 1 A2AE+0 1. l o 9 :••: E + o o
5 1. 24 14 E +00 1. . 1767E + 0C \ . 1 343F+0C 1. ICA7F+00 1 . 0S2 9E+00
6 1. 18 59 E +00 1..1216E + 00 1 .0 898E +0C L. 72 5E + C0 1. 062 5E+00
7 1. 626E-»00 1, . 2 2 i e + 0C 1 .C137E *CC 1. C162F+C0 1. 022 6E+00
8 8. L912E-01 8,.A2 28E -01 8 .7 3A2E-0] 9. C342E-01 9. 3042E-01
9 6. 59 2 E-0 1 b. , 8 1 6 E -0 1 7 .3 8 76E-01 7. 6 4 87E-01 8. 2 3 36b -01
10 6. 790 E-0 1 6..91R3E -01 7 . 5 A 1 E - C 1 7. 9 6 7St: -01 e. 35A1E-01
11 6. 3928 E-0 1 8,.0466E -01 9 .0185E-01 c 721 7E-01 l. 02 82 E+ 00
12 5. 7 424E-0
1
7. , 9 5 3 5 E -01 9 .2C59E-01 1. C C89E + C0 i
.
0782E+00
13 5. 2743 E-0 7,,77?ir -01 9 . 1 90 3E-01 1. C1SCE+C0 L. 095 3F-I 00
I
A
4. 7 9 17 E-0 1 J. , 6 2 1 4 E -01 9 .2A23E-01 1. C 3 6 31+00 1. 1231E+00
15 4. 2077E-0 1 7..3412E -01 9 .1 716E-C1 1. CA2 8E+C0 L. 1 3 9AE+O0
16 *3. 299 3 E-0 6, 5010E -01 8 .44 52E-01 9. 7 769E-01 1 . 0795E+00
17 2. 055 9 E-0 I 4, , 7 3A5E--01 6 .459AE-01 7. 6 46 8E-01 e. 55 00E-C1
18 6. 6 31 2 E-0
2
1. 7395E -01 2 .A641E-01 2. 9 6 5 A E - 1 3. 3A62E-01
19 3. 4749E-03 9. . 4 8 b -03 1 .34LCE-G2 1. 6184E-02 1 . 82 91F-C2
20 7. 3 6 E — (j i nnnp 05 1 .0C59E-05 1J m C c \J ! i_ o j 4.
IRON-WATER, lMEV,b 1=2
GRP, > 82= 1 8 2=2 B2 = 3 B2=4 B2=5
1 1. 5 293 E +00 1. A 1 08 E 4 00 I 3 191E+CC 1. 2ACIE+C0 1. 1 69AF+00
2 1. 4 71 IE +00 1. 36 29E+0C 1 .2 812E+CC 1. 2 122E+C0 1. 1512E+00
3 1. 3 596 E +00 1. 2 7 17E+00 1 .2C93E *CC 1. I 592E+C0 1. 1 I 6 HE + 00
4 1. 2 7351 +0 L. 1987E+00 I . LA98E + CC 1. U3AE + C0 1. 08A4E+00
5 1. 21A7E+00 1. 1 4 9 3 E + 1 . 1 113E+CC 1. C 86CE+C0 1. G6 7 3E* 00
6 1. 1 553E+00 1. 10 30E+CO 1 .0 7 82E+CC 1. C 6 5 1 E + C 1. 05 7 BE 4 no
7 1. 4 8 7 E * 1. 2 4 1 E + 1 .0 20AE +CC 1. C2AAE+C0 1. 031lE+<
8 8. 5 lj97 E-0 1 8. 78 45E-01 9 .0497E-GL 5. 3C6 7E-01 9. 5A2 1 E-Cl
9 6. 7 122E-0 1 7. 3 3 99 E- 01 7 .8 ieAE-Cl P. 2 12 6E-01 8. 546 Of -01
10 6. 5 170 E-0 1 7. 35 37E-0 1 7 . 8 9 6 6 E - C 1 Q 3 152E-01 8. 66 0CE-01
11 6. 7 580 i -0 1 8 • r VjRE-01 9 . 5 2 7 5E-CL 1 . C 1 9 1 E + C 1. 0703E+00
12 6. L 48 5 E-0 1 8. 5 6 64 E- 01 9 .8 2 6AE-01 1. C£61E+C0 1. 12 9 5 E +
13 5. 6 7 38 E-0 1 8, 4 2 5 6 E - 1 9 .8667E-C1 1. C 8 9F + C0 1. 151 9E +00
1A 5. 1606 E-0 I 8. 30 30 E- 01 9 .9 74CE-01 1
.
1 C5AE+C0 1. 185 7E+00
15 A. 5 2 72 E-0 1 8 . 03 17E-0 1 S .9A79E-01 1. 1 1 76E+C0 1. 2 077E+00
16 3. 5 525 E-0 1 7. 1 5 60 E- 01 9 .2217E-01 1. C5A2E+C0 1. I 5 1 E +
17 2. 2 124 E-0 1 5. 2 4 2 A E- 1 7 . 1 C3AE-01 8. 3 C i 3E-01 9. 163 8E-C1
18 7. 1 270 ( -0 2 1. 9 537 E- 01 7 .72 30E-C1 3. 2 3A2E-01 3. 6006E-01
19 3. 7 334 E-0
3
1. 0A59E-02 \ .A8 32E-02 1. 7£66E-02 1 . 96 96E-02
20 8. A 225 E-0
6




IRON-WATER, 1MEV.B 1 = 1
GRP • B2=l B2=2 B2 = 3 B2=4 B2=5
1 1. 4732E+00 I..3473E+00 1.2543F+CC 1. 17 7 3' + C0 1. 11 02E+-00
2 1. 4225E+00 1 .3078E+0C 1.2 2 5 3E+CC 1. 1 5 84F + C0 1. lOOOE+OO
3 1. 3 2 60 E +0 1 .2326E+0C 1.1704E+CC 1. 1 22 6E + C0 1. 0831E+00
4 1. 2482E+00 I . 1 7) OF +00 1.1 2 34E+CC 1. C896E + C0 1. 06 32 f +00
5 1. 1944E+00 L. . 1 305 E +00 1 .0 9 50E + C0 1. 072 3£ + C0 1. 05 62E+00
6 1. 1433E+00 1,,0953E«-00 1.07 iCP + CC 1. C61 '' + C0 1 • 05 5 5E+00
7 1. 557E+00 1 .O3 38E+O0 1.0302F + CC 1. 03 3 n + C0 I. 0398E+00
B 8. 9438E-0 1 9,. 1 L 196-01 9.32 72E-01 9. 5 46 JE -01 9. 75 08E-01
9 7. 1973E-01 7 ,74 8 IE- 1 0.16 76E-C1 e. 5 152': -01 3. 81 1 2E-01
10 6. 8522E-01 7..6932E-01 8.2137E-C1 0. 6C3BE -01 8. 91 99E-01
11 7. 47; E-0
1
8,. 94 46 E- 01 9.9324E-01 i. 5 7 7E + C0 1. 1O5 8E+G0
12 6. 4 636E-01 9,.02 56E-01 1.0 314E+CC i. 1 1 2 9E + C0 1. L 7 2 6 E »•
13 5. c;846E-oi 8,.9123E-01 I.0396E +1 C i. 1 32 IE + 00 1. 1 993E+00
14 5. 4497 E-0 8,.8069E-01 1.0 5 44E+0C l. 161 5E + C0 1. 2 380E+00
15 4. 7811E-0 1 8,. 53B6F-01 1.0 549E+CC i. 1781/ + CC 1. 2647F+00
16 3. 7 57 3 E-0 1 7 .
6
332 E-0 1 9.8198E-01 l. I I 5 BE + 00 1. 2 08 9E+00
17 2. 3 429 E-0 5..6106E-01 7.5970E-CI B. 6 26 IE -01 9. 672 6E-01
10 7. 5 5 2 2 E-0 2 2 .074 IE- 1 2.9 212E-01 3. 4 497E -01 3. 81 1 6E-01
19 3. 9 570 E -0 3 1.122 3 E-0
2
1.5921E-C2 1. 6 6 5 ;e -02 2. 0B60E-O2




GRP, 152= 1 B2=2 B2=3 B2=4 152 =5
1 1. 't 14 3E+0 1. 2857E+00 1.19 35F. + CC 1.
.
1 194E + C0 1. 05 5 ML +00
2 1. 3 72 IE +00 1. 2552E+CC 1.17 36E +0C 1. 1 9 JE + 00 1. 0549E + 00
3 1. 2 920 E +0 1. i 9 7 1 E + 1. 1 3 r^f : +CC 1. C5C3F 4 CO 1. OS 33E + CO
4 1. 2 2 5 5 E + 1 « 1 4 7 9 E + C C 1.1C16I +CC 1. C6 96E + C0 1. 0451 E+CO
5 1. I 8 6 E +0 1, 1174E+00 1 . 8 3 1 E + C C 1. C 6 1 91 + CC 1. 04 71E+C0
6 1. I 40 3 E +0 1, 09 10E + 00 1.0 7 12F+OC 1. C6C^F + C0 1. 054 6E< 00
7 1. 694F+00 1..046QE+C0 1.04 08E +cc 1. C431E + C0 1. C4B3E+00
8 9. 2908 E-0 1 9. 3996E-01 9.5 710E-01 9. 7 56 3E -01 9. 9364E-01
9 7. 5 8 1 7 E -0 1 B. 8 09 1:- 1 8.45 8 6 E - 1 e. 7 72'iE -01 9. 04 04E-01
10 7. 1242F-0 I 7. )71 3E-01 8.4 7 93E- 1 e. FJ4 93E -01 9. 1449E-01
11 7. 2 87 2 E-0 1 9. , 2 6 1 8 E - 1 1 .0 2 69F +CC i. C ?C 3E ) 1. 1 J64E + 00
12 6. 7 176 £-0 1 ), 395 3E-01 1.0715E+CC i. 1 5 2 1 E + C0 1. ?0') ; )i. + 00
1 3 6. 2 332 E-0 1 9. 30 2 2 r- 1 I .0 8 30E+CC i. 1 7 5 IF + C0 1. 2 J98E+00
14 5. 6 80 IF -0 I ')
.
,
20R9F-01 I . 1C09L +CC u 2C84E + 00 1. 2 826F +00
15 4. 9 8 30 E-0 1 B. 94 13E-0 1 1.1C39E+CC i. 2 2 08F + 1. 31 i2« +00
16 3. 9 1 97 E-0 1 8, 109E-01 1.0306E+0C l. 1672> + C0 1. 25 89E+00
17 2. 'i 4 59 { -0 1 5. 9 L0E-01 7.9 984E-01 9. 2 63 RE -01 1. 01 05F+00
18 7. 8 8771 -02 2. , I 84 Or:- 1 3.08 16E-C1 3. 6 2 80F -01 3. 99 BE -01
19 4. I 32 2 E-0
3
1. 1 8 2 5 E- 2 1.6 80 2E-C2 1. 9 83 ii -02 2. 184 81 -02





GRP. B2 = 1 B2=2 B2=3 B2=4 B2=5
1 1. 3 5 5 6 F •iOO 1. 2 Z 70 E +00 1 .1 367E+CC 1 . C6546+C0 I. 0072E+00
2 1. 3 226E +0 1. , 2056 E +00 1.1258E+CC 1. C64C6+C0 1 . 014 06+ 00
3 1. 2 599E + 00 1. 1650E+CC l.l C50E+CC 1. C 6 1 A F + C 1. 02 6 HE + 00
4 1. 206 IT: 00. 1..12 86E+CC 1 .0 8 ^2E +CC 1. C525E+C0 1. 0296E+00
5 1. 1713 6 +0 1
.
1 '3 1 L + C 1.0 7 43E+CC 1. C53 7E+C0 1. 0398E+00
6 1. 1418E +00 1.,09376 + 00 1.071/.E+CC 1. C 6 C ', F + C 1. 05466+00
7 1. 8 4 B E + 1. 58* ! : +00 1 . 5 1 4 E + C C 1. C52 3E + C0 1. 05 62 F+ 00
8 9. 596 U -0 1 9. 6 5 30 E- 01 9.7d c;5E-0i 9. 9 43 96-01 1. 00996+00
9 7. 8 9 8 f: -0 1 3. 360 3E-01 3. 70 7 IE- 01 p . c 9 546-01 9. 2 3 8 1 E - 1
10 7. 3 5 3 1 F -0 1 3. 206 7E-0 1 3.7C65E-01 9. C62 7E-01 9. 3 3 91 E -01
11 7. 4 9 1 2 E -ol 9. 5301E-01 1.0 5 5 5E+CC 1. I 136E+CO 1. 162 7E+00
12 6. 9 309E -0 I 9. 7049 F- 1 l.lC l.)6r: 4CC 1. 1861E+C0 1. 2 4 1 ? 6 +
13 6. 4 4 1 3 E -r>i 9. .^?7 5i : -Ol I. 1 1 >7E + CC 1. 2 1 2 1 E + C 1. 2 74 56+00
14 5. B7226 -0 1 9. , 54 35E-0 1 1 .1 '.02E-»CC 1. 24 876+0 1 . 32 76+00
15 5. 15126 -0 1 9. 2 7 r) B E - 1 1.14 526+CC 1. 2 71 9E + C0 1. 3543E+00
16 4. 545E--0 1 8. 3238E-01 I . 7 1 4 6 + C C 1. 2 112E+C0 1. 3 015E+C0
17 2. 5 3 1 3 E -0 1 6. 14 10E-01 V.. J 3 476- 01 9. 6 3 8 1 E - 1 1. 04 746+ CO
13 8. 165 3 b--02 2. 2756E-01 3.2 160E-C1 }. 7 81 9E-01 4. 14 32E-C1
19 4. 2 f 9 1 E -0 3 1. 2 320E-02 1 .75406-02 2. C683E-02 2. 26 89E-02
20 9. 6 5 31 E - u o 2 • 7
6
h?} - 5 .5 • v )u;c _ oj •'< • 6 3 2 7 E - 5 rJ m 08056-05
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Table C.63. Scattered Energy Flux Spectra, I (b,+b ?s E.)/
I
S
( b-j +b 2 ) , for lMeV Photons in Slabs of Tin
Fol 1 owed by Water .
T IN-WATER, IMEV.B 1^2
GRP. 132= 1 B2=2 B2=3 B2=A B2=5
1 1. 6728F+00 1. A9C4E+00 1 . 3 7 1 5 E + CC 1. 3 715E+00 1. 1998E+00
2 1. 5 r>06E+0O 1. 4338 E+00 1 .3230E + CC 1. 3 2 8 CE + C 1. 1735F+C0
3 1. 4 5 76 E +00 1. 3 265E+0C 1 .24 54F + CC 1. 2 454E+C0 1. 1380E+00
4 1. 34A 7E+00 1 . 2408E+00 1 .1 789F + CC 1. 1 739E + 00 1. 103 3E+00
5 1. 2613E+00 1 . 1 79 5 E +00 1 . L 332E + CC 1
.
1 3 32E + CJC 1. 082 9£ +00
6 1. 1 791E+00 1 . 12 15E+00 1 .0 925F + CC 1. C525E+CC 1. 0686E + 00
7 1. 0A2 LE +00 1 . O224E+C0 I .0 139E + CC 1. C 1 8 9E + C 1. 02 99E+00
8 7. 9 367 E-0 I 8. 3 510E-01 8 .6 7<oE -01 3. 6 745E-01 9. 1975F-01
9 5. 6066E-0 1 6. 6 8 45 E- 01 7 . * 2 6 1 E •-CI 7. 326 IE- 01 8. 15 35E-01
ID 5. 3544 E-0 1 6. ".M-I7L-01 7 .6871E -CI 7. 6 £7 IF- 01 8. 6621E-01
11 5. 3 19 3 E-0 1 7. 69 72E-01 e . 9 2 u r -CI e. 923LE-01 1. 02 80E+00
12 A. 9 250 E-0 1 8. 02 73E-01 9 .6 7H3E-- 1 9. 6 7836-01 1. 14 91E+00
13 A. 'iH^Jf-Ol 7. 9297E-01 9 .7 7 36E--CI 9. 7 7 36E-01 1. i H I 1 F + C
1A A. I 1 3 5 E-0 1 7. 7205E-01 ) . 7 799E -01 ^7 . 7799E-01 1. 2065E+00
15 3. 5 299 E-0 1 7. 3482E-01 9 . 6 3 1 A E •-01 -> « 6 314E-01 1. 21 77E+CO
16 2. 7092 E-0
1
6. 38 ;2F-01 8 . 72 5 IF -01 8. 725 LE- 01 1. 1 3 5 3 E +
17 1. 6449 i -0 1 Ac 5160E-01 6 • 4753E--CI C. A753E-01 8. /32 3E- 01
13 5. 5029 E-0
2
1. 70 19 E- 01 2 .52 63E--01 2. 52 63E-03 i. 488 7E-01
19 4. 7 79 E-0
3
1. 51A6E-02 2 .2 702E--02 2. 2 702E-O2 3. 154 1Y -y.l
20 fl. 7 i L3L-06 2. 7 857 E-0
5
A . 169 IE--C5 •1 • 1 6 9 1 E - 5 c 7 8 761 -05
T IN-WATER , 1VEV.B 1=A
GRP. r B2 = 1 B2=2 02 = 3 B2=4 B2=5
1 1. 6 692 E + 00 1. A4 33E+00 L.3021E+CC 1.3C21E+C0 1 . U82E + 00
2 1. 5 9 3 3 E 1
.
3951E+00 1.2 702E +CC L.2 702F+CO } . 11 C5E+00
3 1. 4 6 3 3 E +00 lo 30 35F + 00 1.209AE+0C 1.2C9AE+00 l . 0958E+-00
A 1. 3 457 E +00 1 2 2 5 8 F + C C 1.15 73E+CC L. 1573E + C0 Jl . 07931 +00
5 1. 2 5 3 1 F +00 1. 169 3E+CC 1.1222E+CC 1. 1222E + C0 i • 0725E+00
6 1. I 6 6 7 E +0.0 1. 1 18 7E + 00 1.0926E+CC 1.CS2 6E+C0 i . 0703L+00
7 1 . 3 7 J ( + 1. 3 26 E +00 1.0 3 31E+CC 1 . C 3 3 I E + L • 0444E+00
8 8. 3 7 5 4 F -0 i 8. 6 10 5 E-0 I 3.95 7 7F- C
1
8.9 5 77E-C1 9. A61 8E-01
9 5. 7 40 1! -01 6. 9 3 7 I F - 1 7. 62 5 VF -CI 7.6257E-01 8. 4 5 9 5 E - C
1
l'J 5. 2') J5L -0 1 7. 0122E-0 1 7 . 9 3 6 1 E - 1 7 . 9 3 6 1 E - 1 8. 9696E-01
1 1 5. 2-'. 2 Hi -0 I 7. 8 502 E- 01 9.2211E-01 9.221 1E-01 1. 066 9E+ 00
12 4. 8 8 70 f -0 1 8 . 2A48E-0 1 1.00 7 2E +CC 1. CC72E + C9 1. 1 998E+-00
13 A. 5 6 > 5 F -0 1 a. ) 708 E- 01 1.0206E+CC 1.C2C6E+00 L. 2 3 72E+ 00
1A 4, 10 14E -0 1 7. 9 7 10 E- 01 1 . 2 4 1 E + C 1.C24 1E+C0 1. 2 6 75L +00
15 3. 5 I i 6 E -0 1 7. 5967E-01 1 . 1 1 1 E + C C 1 . C 1 1 1E + C0 L. 2 8331 + C
16 2. 69 76! -0 1 6. 6 214E-01 9. 1916E-C1 9. 1 916E-01 1. 202 2E + (
17 1. 6 389F -01 A. C J 12E-01 6
.
8A56E-C1 6. 8 45 6E-01 9. 2 780E-01
18 5. A 3 5 3 1 -0 2 1 . 7706E-01' 2.676 8 F - 1 2. L 76 8E-01 3. 7163E-C1
19 4. 6 9 35 E - \ 1 . 5 7611 -02 2.4C7CE-C2 2. AC 7 OF -02 3. 363 OF. -02
20 8. 6 8 A 5 E --0 6 2. 89 92E-0 5 4.419 9E-C5 A . A 1 9 9E - 5 6. 1691E-05
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), for lMeV Photons in Slabs of Lead
Fol 1 owed by Water .
LEAD- WATER, lMEV f BL = l
GRP. 02 = 1 (>>2=2 82=3 B2=A 62=5
1 1. 7592E+00 1, 5 6 1 A E + G 1 , 4 4 3 1
E
+ CC 1. 3 4 77E + CO 1. 2661E+00
2 1. 6 6 33 E +00 1. 4 ( ; 4 1 f + C C 1 . 3 698F cc 1. 3C59F+ CO u 23A9E+00
3 1. A 8 1 11: i 1 . 3663E+CC 1 .2 8 05E cc 1. 2 266E* cc ]
.
1 756E + 00
4 1. 3A94L +00 1. 2 6 6 9 E + C 1 .2C6 7E + CC 1. 1 6 02t + CO 1. 12 3 9E+00
5 1. 2 697 E +00 1. 1999E+CC 1 .1511E + CC 1. 1 1 6 3E CO 1. G922E+00
6 1. 1994 E +0 1. 13 53E+00 1 . C 9 9 1 E + CC 1. C786E-» CO 1. C66 7E + 00
7 1. 60) E+00 1. 2 15 00 1 .0 1 18E + CC 1. C13 3E* 00 1. 01 99E+00
8 7. 7255E-01 8. L A 8 A E- 1 fl . 5 4 4 5 E -01 8. 8542E- 01 9. 19C6E- Jl
9 5. 3 36AE-0 1 6. 3005E-01 7 • 0672E--CI 7. 6 2 8 3 E - 01 8. 0633E-C1
10 A. 9 6A0E-0 1 6. 3666E-01 7 . 1642E--CI 7. 7355E- 01 8. 1752E-01
11 5. 48! E-0 1 7. 3125E-01 a .54 88E--01 9. 3 9 56E- 01 1. C 3 1 E + C
12 A. 3A28E-0
1
7. 09 3AE-01 8 .638 A -01 9. 691AF- 01 1. 04 751+ GO
13 3. 9 39 A E-0 1 6. 8 6 6 2 E - 1 P .5 716E -01 9. 7A1 7E- 01 1. 061 31 00
IA 3. 5196E-01 6. £64 or- )i 8 .5 649E--01 9. 8 75 8E- 01 1. G852E+00
15 3. 0288E-0 1 6. 3495E-01 8 .AACOE--01 5. PS31E- 01 i. 097AE+00
16 2. 3 276 E-0 I 5. 5 5051—01 7 .70A2E--01 5. 2232E- 01 1 . 0356E+00
17 1. A 233 E-0 3. 98 73E-01 5 .8 347F--CI 7. 16 6CE- 01 8. 1 650E-01
18 A. 5 332 E-0
2
1 . 45 I lb- 1 ? .2 103E -01 2. 7 65 ;E- 01 3. 1 84 7E-01
19 2. 3667 E-0
3
7. 8255E-0 3 1 .2C12E--02 1. 5C82E- 02 1 . 73 9 8E-02
20 5. 3A14E-0 6 1. 756CE-05 2 69 33E--C5 •> J 1 -> 1 1 05 j » 8 J 7 ', E
LEAD-WATER, 1MEV»B 1=2
GRP.9 82= 1 B2=2 B 2 = 3 B2=A B2=5
1 1. 8 972 1 + 00 L. 6 1 : . h r + 00 I.A5A6E + CC 1. 3 42CF+C0 I. 24 89E+00
2 1. 7795E 1. 5 3 7 2 E + C0 1.3973E + CC 1. 2S97E+C0 1. 2 1 9 5E+O0
3 1. 5 56JE 1. 3 8 82E + GC 1.2c, cc 1. 2 194E+G0 1. 163 6E+00
4 1 . 3 74 3E + A. 4,2690t + C0 1.2C06E + CC 1. 152 8E+O0 1. L151E+00
5 1. 2 4 8 7 E 00 1 . L8 7 31 + C0 1.14 16E CO 1. 1 1 C I E + C 1. I 8 6 3 E +
6 1. 14751 + 1. 1 156E CO 1 .09C0E + CC 1. C7A4E+C0 1. C64AE+C0
7 1 . 02 + 1, A 5
!
+ CC l.OC /^ r: + CC 1. C 1 A 1 F + C L. 02 24E+0O
6 7. 3 897! -0 1 8. 0921 - -01 8 . 5 ) ; 5 1 E -01 e. 5 594E-01 9. 27A0E-01
9 A. Q 7 2 5 f -0 I 6. 2 8 29E--01 7.1 ^2CE--01 7. 1 IC5E-01 8. 1 6 6 6E-01
10 4. 6 9 3 I: -0 1 6. 2' 67E--01 7.1941E--CI 7. 7 96 6E-01 8. 266 7E-01
11 4, 7 6 7 1 E -0 1 7. 223 IE-- 1 b . 5 5 , -01 5. 4 84 6E-01 1. C15 9E+00
12 4. 1 1 15 L -01 7. 02 7 1 E--01 fl . 7 1 7 8 E -01 9. 8CP-5h-0l ) . C636E+00
13 3. 7 3 17' -0 1 6. • f •-0 1 3.6652E--Ci 5. 8 72 9E-01 1. C791E + 1
14 3. 3 3 2 A 1 -0 1 6. 6137 E
-
-01 H.6 7 08E--CI 1. CC21E+00 1. 1 04 II *
15 2. 8642 f -0 1 6, 30 2AE--01 8 . 5 5 6 2 E -CI 1. CC5CE+C0 1. 11 90E +00
16 2. 1997! -oi 5. 51 30 E--01 7.82 52E -CI 5. : 344E-01 ] . 0579E+ 00
17 1. 34 57 E -0 I 3. 96 24E--01 5.9 S84E--01 7. 3C34E-01 8. J5 70E-01
18 4. 2 7 5 2 E -0 2 1, 4 4 2 4 E--01 2.2'-./ n -CI 2. 6222E-01 3. 2 64 IE -01
19 2. 2 314 f -0 3 7. 7 I 9 E -03 1.22A6E--02 1. 5 19 if:- 02 1. 78361 -< 2




LEAD-WA rr-R, IMEVtli 1 = 3
GRP. ft B2=l B2=2 B2=3 B2=4 B2=5
1 2. 152E+00 1..6666F+00 1 . 4 7 4 1
E
CC I. 3 4 1 1 F CO 1. 23 81 E+ 00
2 1. 8 73 16*00 1. 5764E+0C 1 .4 1 16E CC 1. 2 578E + CO 1. 2098E+00
3 1. 60 30 E +00 1. 40 50E+CC 1 .2929E CC 1. 2154E+ CO 1. 1560E+00
4 1. 3 80 RE +0 1. 268 5E+C0 1 . 1980E + CC 1. 14 78E + OC 1. 1093E+00
5 1. 2277E+00 1 . 1768E+00 1 .1 359E + 0C 1. 1C55E+ CO 1. 082 6E+00
6 1. 1127E+00 1. 1013E+00 1 .0838F cc 1. C713E + CO L C63CE+C0
7 9. 6682E-0 1 9. 9168E-01 1 .0C33E + CC 1
.
C139E+ CO 1. 02 4 0E+00
8 7. 1 707E-01 8. 034 3E-01 8 .5 8 54E -01 p 5981E- 01 9. 12 81b -01
9 4. 7493E-01 6. 24 8 5 E- 01 7 . 1387E -CI 7. 7593E- 01 8. 2314E-01
10 4. 5177E-01 6, 2 176 E- 01 7 .1778E--CI 7. 8311E- 01 8. 3224E-01
11 4. 5942 E-0 1 7. 14 8CE-01 8 .5823E •-C1 s. 5 364E- 01 1. 0238E+CO
12 3. 9 69 6 fc -0 1 6. 9670E-01 8 .71 38E--01 9. 3797E- 01 1. 073 7E+00
13 3. 6 347 E-0 1 6. 7566E-01 8 .6 662E--01 9 • 5 5 38E- 01 1. C904E+00
14 3. 2192E-0 1 6. 5 65 IE- 01 8 .6 749E-- C
1
1. C111E+ CO 1. 1174E+00
15 2. 7664E-0 1 6. 2 58 3 E- 01 8 .5626E--CI 1. C14 9E+ CO 1. 1326E+00
16 2. 1 25 1 E-0 1 5. 4780 E-0
1
7 ,e342E--01 o 4 8 75E- 01 1. C720E + (;0
17 1. 2984E-0 1 3, 9396E-01 5 . W, J4£.-01 7. 3 92 5E- 01 8. 47 90E-01
18 4. 1312E-02 1 . 4 3 47E-01 2 .2565E--CI 2. 8 588E- 01 3. 3146E-01
19 2. 1563E-0 3 7. 7 383E-03 1 .226SE--02 1. 5595E- 02 1. 8115E-02
20 4, 8 668E -0 6 1. 7372E-C5 2 .7504E--C5 '. 9 4 4 E \J J r\ r ~i -7 (- . r». c<J J 1 1 L «. »
LEAD- WATER, !MEV f Ul=4
RP. 1 B2= 1 B2=2 B2=3 B2=4 82=5
1 2. 1 103E+00 1. 7108E+00 1 . 4 9 1 1 CC I. 3426E+ CO 1. 2 10 9E+00
2 1. 9465 E +00 1. 609 7E+0C 1 .4 2 38E CC 1. 2 98CE + 00 1. 203 3E+00
3 1. 6343E+CC 1. 41 77E< CO 1 .2 960E CC 1. 2 1 3 1 E + 00 1. 15 08E+00
4 1. 3813E+00 L..2672E-i-OO 1 .19 5 5 E + CC 1. 1442E* CO 1. 1 5 2 E +
5 1. 2 108 E +00 1. 1 6 8 5 E ^00 1 . 1312E CC 1. 1C22E+ OC 1. 3 1 E J
6 1. 8 80E+00 1..0905E CC 1 .0 7 89E + CC L. C69CE* CO 1. C62CE+00
7 9. 4 20 6 E-0 1 9. 8195E--0 1 9 .9985E--01 1. C134E+ CO 1. 02 51E+00
8 7. 168 E-0 1 7, 9844E--01 8 .5833E--01 9. C22 3E- 01 9. 365 6E-C1
9 4. 6 564 E-0 I 6. 2135E--01 7 ,14 31 E -01 7. 7 8 94E- 01 8. 2 76 2E-01
10 4. 3969 E-0
I
6. . 1602E--0 1 7 . ) 6 6 4E -CI 7. 8 5 C 8E - 01 8. J6 03E-01
11 4. 4732E-0L 7, 08 53E--01 8 . l . 739E--CI 9. 5 6 74E- 01 1. 0293E i-OO
12 3. H 695 E-0
!
6. , 9 1 4 3 E--01 8 .7159E -01 9. 924 3E- 01 1. 0808E+00
13 3. 5 148E-01 6, . 7 8 6 E --0 1 8 .6 73 2E -1)1 1 . CC05E+ CO 1. 9 32E+ 00
14 3. 1390 E-0 1 6. 5 2 3 E --01 8 .68 581 -01 1. C 1 6 5E CO 1. I 2 6 1 E
15 2. 697 2 E-0 I 6,,21 70E--01 8 . 5 7 69E--01 L. C21 3E + 1. 1 4 2 2 E +
16 2. 723 E-0 1 6..4 440E--01 7 .R519E -01 9. 5 54 5E- 01 1. 081 9E-»
17 1. 2 662 E -0 1 3. 9167E--01 5 .964 4 -01 7. 4 509E- 01 8. 5655E-01
18 4. 270 E-0
2
1 . , 4 2 6 7 E --01 i .26 39E--01 2. 6 83CE- 01 3. 3 5 04E-01




-03 1 .2 309E--C2 1. 5 72 8E- 02 1. 8312E-02
20 4. 7464E-06 1..7276E--05 2 .7 595E - 5 3. 5242b- 05 4. 101 8E-05

Table C.64. Continued
LFAD-WATF,~< , l^EVtB 1 = 5
214
GRP 82= 1 8 2"-= 2 8 2=3 B2=4 62=5
1 2. 1081 1 +00 1.747 B
1
00 I . 5 G 5 t I + CC I. 3 42 6E+CG 1. 2 2 741+00
2 2 . 4 i> F +C0 1.63731 + 00 1.4 3 43F + CC 1. 2 98CF+C0 1. 1 9 >6E + C0
3 1.6560
£
+ 1 . 4 2 7 2 f + 00 1 .2 9 85E + CC 1. ? 1 3 I F + C 1. 14 7CF+00
4 I. 3 798
F
400 1 . 26 : >. ! + 00 1.19 54E + CC 1. 1 4 4 ? F + C C 1. 1022F+00
5 1 . 1 9 7 1 f. + 1.16 211 + 00 1.12 75E + CC L. 1 c
;
; 2 F + o 1. 07 81 E+ 00
6 1.0 69
7
F +00 1.0c- 2 1 1 + 00 1 .0 P+9E + CC 1. C6 9CE+C0 1. C61 CF+OO
7 9. 2 39 3
r
-0 1 9.74 3 i I -01 9.9 7011 -01 1. CL J4E + C0 1. 02 5 7E+0O
6 . 9 2 9 E •-0 I 7. 9 4 JOI -01 8.5 7 9 3F -01 9. C22 JF-01 9. 3925F-01
9 4. 5849 F -0 1 6.1826E -01 7. 14 34F -CI 7. 7 894E-01 8. 30 75F-01
10 4. 3076
E
-0 1 6. 1139F--01 7 . 1 5 r^ F -01 7. 8 5C8F-01 8. 3 86 0E-01
11 4. 3840E -0 I 7 . 3 4 ; | -01 8.5 6 50E -01 9. 5 6 74E-01 L. 0331F+00
1? 3.7954E--0 1 6. 8 70 5 If -• 1 B.7 I 5 OF -01 9. 924 JF-01 1. 03 r>7E + 00
13 3 . 4 4 8 1 E -0 1 6.66 8 3 I -0 1 8.6 760F -01 1. C CCSF + CO 1. IQ38E+00
14 3.0795F--0 1 6 . 4 8 2 :; F -01 8 . 6 9 1 6 F -CI 1. C 1 6 9E + C 1. 1 323F + 00
15 2 . 6 4 5 9 F •-0 1 6.182 E
•
-01 8.5854 E -CI 1. C21 3F + CU 1. 1 4 9 OF + CO
16 2.0 3 30 -0) 5.4149! -01 7.8 6 33F -01 5 54 5F-01 1. 08 9GF+00
17 1.2423F -0 1 3.89 7 U- -01 5.9760E -01 7. 4 5 09E-01 8. 6270E-01
18 3.9 529 -0 2 1.4198F--01 2.2690F -01 2. i 6 3 OF- 01 3. 3 760E-01
L9 2. 6 33 F--03 7 . 6 5 8 4 E -03 1.2 3 3 7E -C2 1. 5 72 :^-02 1. .iV>3E-02
20 4.6569F 1.71 9 Z
L
-05 2.7659F -05 > • 4 • 1 J 3 JF-G5
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, for lMeV Photons in Slabs of Tin
Followed by Aluminum.
TIN-ALUU.tlMEVttll=2
GPP. B2= I 8 2=2 B2=3 B2=4 B2=5
1 1.7004E+00 1.. 5 4 4 1 e CC 1..4394E+C0 1. 4 394E+00 1. 2790E4 00
2 I. 6248 E +00 1. . 4 8 5 4 E 00 1 .3936E+CC 1. 3 536E+C0 1. 2 5 62E+00
3 1.4812C+00 1., 3 7 39E 00 1.. 3C66E +CC 1. 3C66E+CC 1. 212 7E+00
4 I, 3658 E +00 1. , 2 3 4 1 f. CO 1 .2 3 56E+CC 1 . 2 356E+C0 1. 1 7411-1 00
5 I. 2 80 9 E +0 1 .>2205E 00 1.. 1675E+CC 1. 1 8 7 5E+09 1. 152 1E+0O
6 1. 1956E+00 1., 1 5 3 2 E CC 1 .1421E CC 1. 1421E+C0 1. 13 3 7E+00
7 I. 5 35 E +0 1..0516E CO I .')';v;2 ,r +CC 1. C6C2E+CC 1. 5 8 6 4 E + C
8 8. 536 E-0 1 6, , 626 IE--01 9,.0664E-01 9. C664E-01 9. 746 IE -01
9 5.5904E-0 1 6., 7 5 3 8 E •-01 7 .46 83E-C1 7. 4 6 83E-01 8. 5972E-01
10 5.2657E-0 I 6,. 8082 E--01 7,.6 2 7E- CI 7. ( 627E-01 e. 6938E-01
11 4.8 814E-0 1 6. . 9 490E--01 7,.99 99E-C1 7. S S 991:- 01 9. 1 68 IE -01
12 3.9014E-01 6,.0 760E--01 7,. 18 36E-01 7. 1 83 6E-01 8. 3 9 7 5 E - 1
13 3.2469E-01 5.• 2242E--01 6,.2 33 IE- 01 6. 2 3 8 1 E - 1 7. 3486E-01
14 2*4260 E-01 4.,060.'' --01 4,.8 9 79E-C1 4. 8 5 7 9E - 1 5. 8080E-01
15 1.5 163 E-01 2..6454E--01 3,.2 195E-C1 3. 2 195E-01 3. 83 74E-01
16 6*5836 E-02 1 , , 1845E--0 1 1 ,. 4 5 14 E - 1 1. 4514E-01 1. 73 76E-01
17 1.3 445E-0 2 2,,46 54 b--02 3,.0 3 35E-C2 3. C33 5E-02 3. 64 1 7E-02
13 5.504 (U~-04 I..0 10 3E--03 1..2433E-03 1. 24 3 3E-03 1. 4926F-U3
19 4.9ri 19E-06 9.. 14 55E--06 1,. 1 255E-C5 L. 12556-09 1. 3513E-05
20 2. 92611-09 5 .. 37 1 IE--09 6,.6 104E-C9 6. C 1 04E-C ; 0145E- 09
T IM-ALU*
.t IVEVtB 1=4
GPP. B2= 1 B2=2 82 = 3 82=4 B2=5
1 L. 69 72 E +00 I. 4968E+00 1..37 08E+CC 1. 3 7 8F + C 1. 1 9 761. + 00
2 1. 6 2 49 F +0 1. 4 4 6 9 E + C 1..3369E+CC 1 . 3 369E + C0 1. 1 889E+00
3 I. 4 8 74 £ 00 1. 3 5 20 E +00 1..2724E+CC 1. 2 724E + C0 1. 1724E+00
4 I. 36661 +0 1 . / 703E+OC 1..2162E+CC 1. 2 162E + CC 1. 15 31E+00
5 I. 2725 fc +00 1. 2 1 1 6 E •» C 1.. 1 7 90E+CC 1. 1 79CE + C0 1. 1454E+00
6 I. 18 291 +00 1 . 1567E+0C 1. , 1 4 r: 1 E + C C 1. 145 IE +C0 1. 13 961+00
7 1.0 480E+00 1. 0632E+CC 1..0 7 7 3E+CC 1. 07 73E+00 1. 105 3F+00
8 8. L936F -0 I 8. 90 5
5
E-01 9,. 3 8 4 4 E - 1 9. 3844E-01 1 . COME-* 00
9 5.72261.-0 I 7. 1 55b- 01 7..7 878E-C1 7. 7 87 8E-01 8. 736 0E-01
10 5.20 56E-0 1 6. 9 UJ r> 4 F - I 7.•9 227E-CI 7. 9 22 7E-01 9. 02 2 2E-01
1) 4.8094E-0 1 7. 8 7 3 E- 1 H,.2 6 84E-C1 8. 2 6 8 4 E - 1 9. 5193E-01
12 3.8 706E-0 1 6. 2 574E-01 7,.4635E-01 7. 4 6 85E-0! 8. 75 92E-C1
13 3.2 291 E-01 J » 3 7 6 7 E - 1 6,5C08E-C1 6. 5 COME- 01 7. 6792E-01
14 2.4 139 E-01 4 . 18 40 E-01 t; |. 1 IC9E-C1 5. 1 109E-01 6. 0765E-01
15 1.5070E-01 2. 7 2 59 E-01 3 ,.36 1 3E-01 3. 3 61 36-0! 4. CI 76E-C1
15 6.5 48 0E-0 2 1. 22 17E-01 1 , 5 16 8E-01 1 . 51 6 8E-01 1. 3207E-01
17 U3 379E-0 2 2. 5 445E-02 3.. 172 3E-C2 3. ] 723E-02 3. 81 7 9E-02
18 5.4776E-04 1 . 04 2 7E-0 3 1-.3C0 2E-03 1. 3CC2E-0 J 1. 5649E-03
19 4. 9 57 ih-0 6 9. 4 389 E- 06 1 , 1 7 7 1 E - C 5 1. 1 7 7 IE- 05 1. 416 7E-C5
20 2.9 1 16E-09 5. 5 362E-09 6,.8 999E-C9 6. e c. 9 9E - C 9 1. 2678E-C8
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) , for lMeV Photons in Slabs of Lead
Followed by Aluminum.
LEAO-ALUM ., 1MEV,B 1=2
GRP,I 02= 1 B2=2 B2 = 3 B2=4 B2=5
1 1. 9262E+00 1 .6691F+00 1 . 5 2 7 5 E + CC 1. 5 2 75E + 00 L. 33 3 7E + 00
2 1. 6064E+0O 1 .5880E+00 I .4667F + CC 1. 4 6 6 7E + C0 1. 3 1 8 E + bO
3 1. 5787F+00 1 .43 39E+0C 1 .3513F + CC 1. 3 51 3E + C0 1. 2 4 I 2 F + 00
4 1. 3 9 501+00 ) .3113 E + 1
)
1 .2 59 3E + CC 1. 2 593E + C0 L. 19 02E + 00
5 1. 2 6 76 E +00 1 .2268E+00 1 . 1970E + CC L. 1 9 7CE + 00 1. 1592E + 00
6 1. 16 27 E +00 1 . 1503E+00 1 .1 395E + ( c 1. 1 39 5E + 00 1. 1322E+00
7 1. 008 3 E+OQ 1 .02 72E+00 1 .04?4E 4CC 1. C42 4E + C0 1. 074 8f + 00
8 7. 3364F-01 8 . 1497E-01 H .7 107E -CI 8. 71C7E - I 9. S2 74 F -01
9 4. 7680F-OI 6 .2007E-01 7 .0 509E -CI 7. C50 -01 8. 13 86E -01
10 4. 6 763* -0 1 6 .3287E-01 7 .2644E -01 7. 2 644E -01 8. 42 76E -01
11 4. 4061F-01 6 .4850E-01 7 .5 8 99E -CI 7. 5 e9 9E -01 8. 884 7!- -01




.80 16E-D1 5 .85 77E -01 5. 95 7 7E -01 7. S r» 1 E -01
14 2. 128 9 F-0 1 3 . 7229E-01 4 .5904F -CI 4. 5 S C 4 F -01 5. 59 3 9E -ol
15 1. 3 3 10 L -0 1 2 .4228E-01 "3 .0 142E--CI 3. C142F -01 3. 693 6F -01
16 5. 7 624E-0 2 1 .0826E-01 1 .3 569E - i 1 . 3 56 9E -01 1. 671 2F -01
17 1. 1 7 4 4 E -0 2 2 .2605E-02 2 .8 3 *6E -C2, 2. 8 33 6F -02 5. 5 I I F -02
18 A. 8 083E-0 4 u .2 2 2 IE- 4 1 .16 1 3E -0 3' 1. 16 1 5 l -03 L. 435CE -03
19 A. 35 13E-06 e. , 3479E-06 1 .0 513E -C5 1. C51 U -05 1. 2 9 91 1 -05
20 2, 5557E-09 4 .9027E-09 6 .17 44'! -C9 6. 1 744E -C9 t /. c o C -09
LEAU-ALUM . , IMFV,8 1 = 4
GRP, 82= I B2=2 B2=3 8 2=4 B2=5
1 2. 14 17F+0 1 . 7682F +C0 1 .5634E + CC l. 5634E+C0 1. 31 77h 4 00
2 1.9745F+00 1 6633E+C0 L.4 9 2 5E + CC i. 4 92 5E+C0 1. 2 8 7 3 F + 00
3 I, 6567 E +0 1 . 4 6 4 2 F + L.3 5 79E <cc i. 3 579E+C0 2 2 96F +00
4 1.4 13 1- +0 1 . 30 98 E +00 1 .2535E + CC l. 2 5 35E+C0 1. 161 .; 00
5 1.2287E+00 1 . 2078E + 00 1.18 60E CC l. I 86CE + C0 1. 1545E 00
6 1. 1015E+00 1 . 124 3E+0C 1.12 80C cc i. 12 8CE+CO L. 13 14 E 00
7 9.460 3E-0
1
1 .C032E+OC 1.0348E 4CC l. 34 OF 4 CO 1. 7 •
8 6.9 555E-0 1 8 .0269E-01 8 . 7 1 6 2 E -01 8. 7 162F-01 9. 62 85E - 1
9 4.55 11F-0 1 6 .
1
189E-01 7.0 74 4E - C 1 7. 744E-01 0. 25 1 iy -01
10 4. 3 80 3 F-0 1 6 , 1908E-01 7.2 5 30E -ci 7. 2 53CF-01 8. 52 91 1 -01
11 4. 1 28 1 F-0 6 .34
4
7 F-0) 7.5 8CCE -CI 7. 5 80CE-01 8. 99 5 )| -01
12 3. 2 49 6 F-0 1 5 .50 36E-0 1 6. 776 2. - 1 6. 1 76 3E-01 8. 22 8 7L -01
13 2. 6 8 7 3 F-0 1 4 .7 14 IE- 01 5.871 i E -ci 5. 8 71 9E-01 7. 196 4' -01
14 2.001 8 F -0 1 . 6 564 E- 01 1.6 C 4 IE -01 4. 6C41E-01 "D. 68 5 OF -01
15 1.2 504 F-0 1 2 . 3 796E-01 3.O2 40E -01 3. C24CE-01 3. 75 5CE -01
16 5.4 17 1 F-0
2
1 . 6 3 7 E- 1 1.361 - 01 L. 3 61 9E-0t 1. 699 7E -01
17 1. 1042 F-0 2 .2117E-02 2.84 4 9F -cv 2. 6449E-02 3. 561 7C -02
18 4.5 20 n -0 4 9 .06 3 IE- 04 1 . 1660E - C 3 1. 16 6CE-0 3 1. 45 9 i -03
14 4.0912E-0 6 8 . 2040E-06 1 .0 5 55E-- f; 1. C5 55E-05 1 . 3216E -05
20 2.4030E-09 4 .8 1 70E-09 6.1 714E -c c; 6. 1 714E-C9 1. 18 4 3 F -08
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( b-j +b 2 ) , for lMeV Photons in Slabs of Water
Followed by Iron.
WATER- IKON, l^EV.B 1 = 1
GRP.i 02= 1 B2=2 82 = 3 B2=4 B2=5
1 1. 7252E+00 I, , 6 84 2 E +00 1 .63 58E + CC 1. 5 7 78E* CO 1. 51 76E+00
2 1. 650 1 E+00 1,.6193E+00 I ,5 7b2^: *cc 1. u, 2 9>'F •» CO 1. 4 8CCE+C0
3 1. 5 74 E +0 1, 496 IE + 00 1 .4 689E +CC 1. 4 3 8 5E-* CO 1. 4086E+00
4 1. 4 6 7 E * 1. 3977E+00 I .3 767E cc 1. 3 604E-* 1. 34 44 E +00
5 1. 3442 E +00 1, 3 2 7 8 E + C 1 .3
1
35E cc 1. 3C4 8E* cc 1. 30CCE* 00
6 1. 2739E+0O 1. 251BE+0C 1 .2 4 57E + CC 1. 2 484F-* CO 1. 2 5 5 3 E +
7 1. 1 IB 3 E +00 1. 1 1 1 4 b + C 1 .1242E + CC L. 1 43 7E +CO 1. 1 6 4 6 E +
B 6. 2 624 E -0 1 8. 66 50 E- 1 9 .0 7 8 IE -01 9. 4 5 88E- 01 9. 7986E-01
9 5. 3995 E-0
1
5. 9 140E- 01 6 .32 7 IE -01 6. 6 6 96E- 01 6. 9587E-01
10 4. 2 5 74 E-0 1 4. 4 OBOE- 01 4 .6012E--CI 4. 7782E- 01 4. 93 3 9E-01
11 2. 0919E-01 2. 0569F-01 ?. . 1 1 72E -CI 2. 1 792E-•01 2. 2 3 57E-01
1? 5. 2 171 E-0
2
5 i 19 74 E- 2 5 ,3 8e8E -02 5. 5 722E- 02 5. 7361 E-02
13 2. IB 55 E-0 2, 20 4 5 F- 2 2 .2 915E -02 2. 3 732E- 02 2. 44 5 7E-C2
14 6. 6035E-03 6, 664 7E-03 6 .92 3CE -03 7. 166 5E-•03 7. 3832E-03
15 1. 2650E-03 1,.2603E-03 1 . 3 C 4 2 E -03 1. 3 4 69E-03 1. 3B5 3E-03
16 1. 3 68 BE -0 4 1 . 18 8 IE- 4 1 .140 n -04 L. 1 22 36- 04 1. 1 16 3E-04
17 2. 6556E-06 2. 6 349 E- 6 2 .6968E--06 2. 7^ 69L- 06 2. 83 36E-06
IB 1. 4 173E-08 1 . 4 1 1 3 E-0 8 1 . 4 4 8 7 E -ce 1. 4f B7E- • C 8 2. 22 95E-08
19 1. 1761E-11 2. 3 1 1 3E- 1 1 1 .799 C
E
-l i 3. 731 7E- I 1 4. B367E-1 1
20 2. 22211 - 15 3 32 7E- 15 . 7 304E - 15 852 3E- 1 c 0087015
WATER- IRON, 1"EV,R 1=2
UP. B2= 1 B2=2 82 = 3 82=4 B2=5
1 1. 6 6 8 6 E -• 1. 6 2 5 4 f. + 00 1.5 752E CC 1. 5 1 6 CE + C 1. 4566E+00
2 1. 6045E+00 1 . 5 69 BE + C0 1.5272E + CC 1. 4 785E +CC 1. 42 99E+00
3 1. 4827C +00 1. 4 641 E + CC 1.4 360f + CC 1. 4 C 7 1 E + 1. 3 792E+00
4 1. 3 87 5 t »0G 1. 3 7 5 5 E i 00 1.35! *cc L. 3 43 5E+00 1. 33 02E-I 00
5 1 . 3 1 9 8 E + 1 . 3 117f- + 0C 1.3C37E + CC 1. 2 C. 95E+CC 1. 2 975E+00
6 1. 2465E+00 1. 2 4 5 3 E + C 1 . 2 4 8 i C *cc 1. 2 552E + CO 1. 264 1 E+00
7 1. 1 102E+00 1. 1 2 5 6 E + 00 1 . 14 4 4 E -»cc 1. 1 6 5 2 E + C 1. 1856E+00
8 8. 7 11) E-0 1 9. 116 3 E -01 9.4 7 3 yf -01 9. 8 12 YE -01 1. (J! 1 It + CO
9 6. 105 2 00 1 6. 4 4 6 E -01 6.704CE -01 6. 9 76 9E-01 7. 2190E-01
10 4. 7 24 3 E-0 1 4. 6 8 4 1 E - 1 4.8( 64E -01 4. 9 4 66F-01 5. 0785E-01
1 1 2. 3042 E-0 1 2. 1 5 1 r- -01 2 . 1 8 a e :: -01 2. 2 4 OIF- I 2. 2 8 93E-01
12 5. 7965 E-0 5. 4 7 13 E -02 5.59 79E -C2 74 81E-02 5. 8 8 92 E-02
13 2. 4 2 131-0 2 2. 3186E -02 2 . 3 7 7 1 -C2 2. 4 4 36E-02 ->c. . 5058E-02
14 7. 2 98 7 F -0 3 6. 9 8 59E -0 3 7.1 5 84E -03 7. 3 56 /E-03 7. 542 IE -03
15 1. 3989 E-0
3
1. 3159E -0 3 1. 3 445E--0 3 L. 3 794E-03 1. 412 4E-03
16 1. 3 37 3 I: -0 4 1 . 1 50 BE ~04 1.122 11 -04 1. 1 14 It- 04 1. 11 3 9E-04
17 2. i 126 f -06 2. 7 J 1 ?: -06 2.76 >7E -06 2. e298E-06 2. 8B91E-06
IB 1. 5 667 E-0
8
1. 50 1 6 E -OB 1 . 4 9 2 1 -08 2. 1 6 5 3E-C8 2. 35 71 E-08
19 1. 6 536 E- 11 4 . 2 't 9 1 f - 1 1 3. 1B-.BE -1 1 4. 2 84 7E-1 1 4. 94 1 2E-11




WATER- IRDNt 1MEV.H 1 = 3
,RP« B2= 1 B2=2 B2 = 3 B2=4 B2=5
1 I, 6068E+00 1. , 5 6 3 4 E + 1 .5120E+0C 1. 4 54 3E* CO 1. 3974E+00
2 1. . 5 5 1 5 E + 1 , 5171E+CC 1 .4 745E+CC L. 4 2 76E* CO 1. 3816E+00
3 1. 4464E+00 1.4292E+00 1 .4C34E+CC L. 3 7 7CF + CO 1. 5516E+00
4 1. 3 6 1 6 E +0 1. 3539E+00 1 .34 10E+CC 1. 32 88E+CO 1. 31 7CE+00
5 1. 3004 E -»00 1 . . 3006E+00 1 .2978E+CC 1. 2966F + CO L. 2967E +00
6 1. 2375E+C0 1 . 2468E+00 1 .2 546E <CC L. 2 6 3 9E H C 1. 273 7E+00
7 1. 1235E+00 1 . . 1458F+00 1 . 1 6 62E+CC 1. 1 86 5E+ CO 1. 2 05 RE + 00
8 9, 1 757 E-0 1 9. 5 312E-01 9 .R4 39E-01 1. C133E-* CO 1. 03 94E+00
9 6. 666U-0 I 6. B157E-01 7 .0 2 94E-C1 7. 2 4 69E- 01 7. 44 9 5E-01
10 5. 1 140 E-0 1 4. . 9 26 8 F- 1. 4 .9 90 IE- CI 5. C981F-•01 5. 2088E-01
11 2. 4 80 7 E-0 1 2,.2 37 IF- 1 ?.. ? 5 4 8 E - C I 2. 2 96CE- 01 2. 3 3 R 3 E - 1
12 6. 2 729E-0 2 5, 7157E-02 5 .787 IE- 02 5. 9C75E- 02 6. 02 8 OF -02
13 2. 1.36 F -0 2 2. 4262E-02 ? .4607E-02 2. 5139E- 02 2. 56 6 HE -02
14 7. B517E-0 3 7. 3078E-03 7 .4082E-03 7. 5£65E- 3 7. 72 4 4E-03
15 1. 4 999 E-0
3
L. 37 34E-0 3 1 .3888E-0 3 1. 4168E-•0 i 1. 44 5CE-03
16 1. 3062 E-04 1 . 1 4 10 E - A 1 .1 192E-04 L. l 161E- 04 1. 493 8E-04
17 3. 09 31 E-0
6
2. 83 39 E- 06 2 .8 482E-06 2. 8 97 6E- 06 2. 8974E-06
18 1. 6 7 9 5 E -0 8 1« 6224E-08 1 .54 3 2E-G8 2. 3C39E- C8 3. 11 92E-08
19 2. 404 E-Ll 3 8954E- 1 1 4,. 1 5 6 4 E - 1 1 5. 3 5 2 E - 1 1 5. 74 6 OF -1 1
20 3. 48 3E-15 4. 35826- 15 3,.8222E-L r 4. c 36 7L
-
I 5 J a L32GE-15
WATER- IR r.)N, IMEVtB 1 = 4
GRP,> 82= 1 B2=2 B2=3 B2=4 B2=5
1 1. 5402E+00 1. 4993E+00 I .4 4 97E+CC 1. 3 5 52F+CC 1. 341 + 00
2 1. 4 94 7 F +00 i1 9 4 633E+00 1 .4 2 30E+0C L. 3 7 92F + 1. 3363E + 00
3 1. 40 84 E +00 1 . 39 50E+0C 1 .3 724E+CC 1. 3 4 88F+C0 1. 32 59E ton
4 1. 3373E+00 1. 3 34 9 E +00 1 .3256E+CC 1. 3159E+C0 1 . 3 06 9F + 00
5 1. 2 86 8 E +00 1. . 29 J4E+C0 1 .29 43E+CC 1. 2 954E+CC L. 2 96 1\ + 00
6 1. 2 3/2 E +00 1 . ? 5 2 5 F + 1 .2 6 30E+CC 1. 2 73 3E + C0 I. 2 8 3 4 F + 00
7 1. 1432E+00 1. 16 76E+CC 1 . 1677E+CC 1. 2C6 7E+C0 1. 22 4 61+00
8 9. 6 L8E-0
1
9. 90 5 2 E- 01 i .0 172E+CC 1. C42CE+C0 1. 06 6 0*. + 00
9 7. 1 3 3 3 E-0 1 7. 1696 F- 1 7 .3140E-C1 7. t* 852E-01 7. 65 5 U -01
10 5. 4 468 E-0 1 5, 1 4 13E-01 K . 1 54 3E-C1 5. 2 34 IF- 01 5. 32 6 5E -01
11 2. 6 317E-01 2. 3151E-01 2 . 3 L50E-C1 2. 3 4 69E-01 2. 3 8 3 : -01
12 6. 67 7 3E-02 5. 9 3 44 E-0
2
5 . CJ5 78c- 2 6. 51 5E-02 6. 153 7E -02
13 2. 7807 E-02 2. 5 22 IE- 02 2 .5 359E-C2 2. 5 ~<7 IE- 02 2. 62 1 9E -02
14 8. 3 4 J J E-0 /« 59 5OE-0 J 7 .632^F-C 3 7. 7 5 56E-03 7. 8893E -03
15 1. 5940F -0 3 1 . 4 2 50 F- 3 i .4289E-C3 1. 4 506E-03 L. 4 74 51- -0 3
16 1 . 3 264 E-04 1 . L 428 E-04 1 .1227E-04 L. 4 4 46E-04 1. 51 9 9f -04
17 3. 2 64 fE-0 6 2. 9
1
18E-06 2 .9213E-06 2. 9C67E-06 2. 96 6 7E -06
18 1. 7 4 5 2 F - 8 L. 9206E-08 1 .591 7E-C8 2. 3503E-C8 3. 22 7 fM -08
19 2. 1 784 F- I 1 4. 07 82E- 11 4 .'T9 6 5F- 1 1 5. 2 3 39E-1
1
5. 971 31 -1 1
20 3. 3 1 1 6 F.- 1 5 4. 2 IF- 15 4 . 2 3 2 9 E - 1 5 4. 7 89 3E-1
5
5. 651 9l -16

Table C.67. Continued
WATER- IRDN, lMEVftt 1 = 5
219
GRP. B2 = 1 [32=2 13 2=3 (32=4 (3 2=5
1 I • 4 7 2 6 E 00 1.4346F+00 1 . 3 8 8 7 E CC 1. 3 3 7 7E + C0 1. 2 8 78E+00
2 1.4379E 1.4098E+00 1 .37 3 1
r
cc 1. 2 32 5E + C0 1. 2927E+00
3 1 . 3 7 1 9 E 400 1. 36281 + CC 1 .3434E CC 1. 5 22 5E+00 1. 302CE+00
4 1.3 1591: 00 1.31 83E+-C0 1 . 3 1 2 1
E
CC 1. 3C4 6E+C0 1. 2972E+00
5 1 . 2 7 7 7 [ + 00 I. 2 892 E +-00 1 .2 9 2 7E CC 1. 2S5 3E+C0 i. 2976E+00
6 1 • 2 4 1 3 E 00 1 . 2 604E+0C 1 .2 ???p CC 1. 2 e 3 1 E C 1. 2 931 E + 00
7 1. 1643E +00 1.18
9
? E + C C 1 . 2 C 8 2 E CC 1. 2 2 59E+C0 1 . 2425E+C0
8 9 . 9 8 3 2 E -0 1 1.0 2.43E + C0 1 . 4 6 7 E CC 1. C603E+CC 1. 0884E+00
9 7. 5 327
E
-0 1 7.4794E- I 7 . 5 6 6 4 E -Ci 7. 6 c-96E-0l 7. H4 I 6E-01
10 5. 7 358 -0 1 5. 3326E-01 r. .3C22F--CI 5. 3584F-01 1j. 4342E-01
11 2.7626E -01 2. 38 59E-01 2 .3700E--01 2. 3 c, 3 90- 01 2. 42 4 3E-01
12 7.0255E -0 2 6.13 10E-02 ft . 1 126E--C2 (-. 1 O34t--02 6. 2695E-02
13 2.92461 -0 2 2. 60 82 E- 2 2 .6C39E--02 2. 6 35CE-02 2. 6 726E-02
14 8. 7 7 50 f -0 3 7.8 5 28E-0 3 1 .8 362E--03 7. 9 2 87E-03 8. 041 OF -0 3
1!) 1 . 6 7*5 2 E -0 3 1 .4715E-0 3 1 .4 6 54E--03 L. 4 6 1 6E-03 1. 5018E-C3
16 1.3524F - 4 1. 1498 E- 04 1 .1 297E--04 1. c f) 3E-04 1. 583 6E-04
17 3.4150C -06 3. 1675E-06 2 .S 902E -06 2. S.c P3E-06 3. 1 764E-06
18 1 . 7 4 4 4 i -08 1.90 59F-08 1 .6 8 74E--C8 3. 1 5 3 5E-C8 3. 3430E-0>3




20 4.5428 C -15 5. 443 IE- 15 4 .3234E--15 6. 2C92F-1
5
( • 15 7CE-15

220




), for lMeV Photons in Slabs of Lead
Fol 1 owed by I ron
.
LEAD- IRON, 1MEV.B 1 = 1
GRP.1 B2 = 1 B2=2 B2=3 B2=4 B2=5
1 1. B897E+00 1. 76 18E+00 I .6842F + CC I. 6 144F + CC 1. 54 74E< 00
2 1. 7851E+00 1. 6833E+00 1 .6185E+CC 1. 56CIF + co 1. 3046F4 00
3 1. 5 86 3 L +00 1 . 5 3 40 E+ CO I . 4 9 3 8 F -» C C 1. 4 5 7 IF 4" CO 1. 42 34! < 00
4 1. 4 4 15 F +0 1. 4 16 8E+00 I .391RF + CC 1. 3 7CCE + C0 1. 3 5 1 B E +
5 1. 3 50 7 E +00 1. 2 3 39E+C0 ii . 3 1 B 2 E C C 1. 3C78E+C0 1. 301 8E+00
6 L. 2648 E +00 1. 2 4 8 2 E + C C I .2425E+CC 1. 2 4 49F vCO 1. 251 6E+00
7 1. 0948 E +00 1. 0948E+00 1 .1 1C6E+C0 1. 1 32CE CO L. 154 5E+C0
8 7. 6 44 1 E-0 1 6 . 2 760 E- 01 r. .8C66E-01 9. 2 5 6 1
F
-01 9. 6406E-01
9 4. 3976E-0 1 5. 4 4 12E-01 6 .04 7 7E-C1 6. 4 61CE -01 6. 82 06E-01
10 3. 4203F-01 4. 9 20 E-0 I 4 .4315E-01 4. 6 678E -01 4. 8540E-01
11 1. 6 89 2 E-0 I 1 . 94 24 E-0
1
2 .0 568E-01 2. 13 89E--01 2. 2 060E-01
12 4. I 055 E-0
2
4. 8 840 E- 02 5 .2 1H7E-C2 5. 4 5 BEE -02 5. 65 26E-02
13 1. 7613E-0 2 2. 0607E-02 2 .2G9 3E-02 * • 3 159E -Q2 2. 401 6E-02
14 5. 3 166E-03 6. 2 1 36E-03 6 .6 5 71E-C3 6. 9 751F -0 3 7. 2308E-03
15 L. 125 E-0
3
L. 1 J HF-03 1 .2 5 5 5E-03 1. J115E--03 1. 3 5 6 8 E - C 3
16 1. 2 381E-04 1 . 1 8 1 9 E - 4 1 . 1 3 26E-04 1. 1 14 BE--C4 1. 10 89E-04
17 2. 1 540 E-0
6
2. 468 8 E- 06 2 . 6 1 4 1 E - 6 C 4 7C83F -06 2. 7B75E-06
IB 1. 1 57 5E-08 1 . 3191E-08 1 .4032E-08 1 . 4 5 72E-rCB 2. 1 9 6 3 E - 8
19 9. 6 879 e - 1 ? 1. 1109E-11 2 .3 335E-1 I 4. 1 C73E -1 1 4. 764 3E-1
1
20 9. 1875E-16 2, 7 3 4 3E- 15 .1 .5', + 9E- ) 5 4. 3 51^E T r' A. J 0709E- 1
5
LEAD- IRON* 1MEV,B 1=2
GRP. 82= 1 B2=2 B2=3 8 2=4 8 2 =5
1 2.0 322 E +00 1. 8219E + 1 . 7C26E+CC 1. t 122F+00 1. 53 3 6E+00
2 1 . 9 4 2 F 4 1. 7 3 B E + 00 1 .6 320E+CC 1. 5 572E+C0 1. 4 92 7E-I 00
3 1.6611E+00 i . 5 5 7 8 E + 00 1 .4 980E + CC 1. 4 52 7F + C0 1. 4 L r, CF « CO
4 1.4632E+0 1 . 4180E + 00 1 . M 30E+C0 1. 3 65CE+ CO 1. J 4 6 6 F + 1 ,
5 1. 3237 F +0 1. 31 37E + CC 1 .310CE 4 CO U 3C34E+C0 1. 2997E+ CO
6 U 20 55 E +00 1. 2 2 5 2 F + 00 1 .2 34CF+CC I. 2 4 3 CE + C 1. 2 5 3 1 E + 00
7 1.0 309E+00 ) . 7 4 6 E + 00 1 . 1 062E+CC 1 . 1 344E + C0 1. 1 502E+
7. 2 77 3 E-0 1 8. 2 3 E -0 1 8 .8 389E-01 9. 3 34CF-01 9. M 94E- 01
9 4. 2 39 3 E-0 1 5. 41 4 5E--01 6 .O6 60E-C1 6. 5 4 8 7F-01 6. 9 ( : 1 5 E -01
10 3.22 1 1E-0 1 4. 0264 E--01 / .4278E-C1 4. 6922E-01 4. 892 CE-•01
11 1.5 896 E-0 1 1. 9 7 3E -01 2 •0 5 02E-C1 2. 14 54E-01 2. 21 89E- ]
12 3.9 52 9E-02 4. 3 7 1 F - 7 5 .2 1 17F-02 5. 4 834E-02 5. 6 92 5E-•02
13 U6644E-0 2 2. 292E--02 2 .2C74E-C2 2. 3 2 73E-02 2. 4194E-C2
14 5.0 22 2 E-0 6. ) 1 >3E--03 6 .6 501E-C3 7. C C84E-03 7. 2 8 3 8 E -03
15 9.5 48 5E-04 1. 15781 -0 3 1 . 2 5 3 1 E - C 3 1. 3 16 9E-0
3
1. 366 ( \
16 1.0 9 5 4 1-0 4 1. 1 1 26i •- 4 1 .0994E-04 1. C97 JE-04 i. 10CCF- i
17 2.0 2d 7 E-0 2. 4 24 3E--06 2 . 59 85E-06 2 • / 1 i ;e-06 2. 80C 06
18 K0834E-08 i • 2970E- - C8 ] .3965E-08 I. 4 6C5E-C8 2. 22 66F- 08
19 9.0 95 2E-12 L. 6 68E-- 11 \ .2105E-11 4. 1 S 9 1 F - 11 4. 8 f 80! - 1 1
20 1.399 7E-15 2. 94 47E-- 11 3 .9209F- 15 3. 7 605E-15 4. 55 7 OF -•15
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Tabl e C. 68. Conti nued .
LEAD- IRON, lMEVfB 1 = 3
GRP, B2=l B2=2 B2=3 B2=4 B2=5
I 2. 15471 4 00 1. , 8 7 86 1 4 00 1.7 2 43E 4 0C 1. 6 152E + C0 1. 5254E4 00
2 2.0005E 4 1, , 774 IE 4-00 1.64 79E 4CC 1. 5 5 85E4-C C 1. 4 85 5E4 00
3 1.7 76'.. 400 I.,5756 E 4-00 1.5 028E + CC 1. 4 5 09E+C0 1. 40 98E4-00
4 1.4 670F 400 1. , 4 1 6 5 E + I. 3 8 50
E
4CC 1. 3615E4-C0 1. 34 32E4-00
5 1.2987T 4 1. , 30 60E +00 1 . 3 C 3 5 E 4CC 1. 3CC2F4 00 L. 2984F+00
6 1. 16631 40 L..20B2E+CC 1.22 72E 4 0C 1. 2 4 1 1 E 4- C 1. 2 54 CE4-00
7 9.9131 E -01 1. , 5 9 4 F + 1.1 01 65 4CC 1. I 3 5CE4-00 1. I 6 3 7E4-00
8 7.0 40RE -0 I 8. , 1257 E- 1 8.8 4 07E--01 9. 3 75CE-01 9. 801 3E-01
9 4. 1209
E
-0 1 5. , 37 28 E- 01 6.0 9 3 5E--CI 6. 5 6 34E-01 6. 9514E-U1
10 3 . 9 3 5 E -0 1 3..97C0E-01 4.4 139F--CI 4. 7C12E-01 4. 9140E-01
11 1.5265E -0 1 1 .,87871-01 2.0412E--CI 2. 146 7E-01 2. 2 2 6 1 E - 1
12 3.80321 -02 4. , 7416 E- 2 5.19 46F--02 5. 4 92CE-02 5. 715 7E-02
13 L • 6 1 B C -0 2 2,,002 IE- 2 2.2 C07E--C2 2. 3 31 6E-02 2. 4299F- ( ,
14 4.83211 -03 6,-0 346E-0 3 6.6 2 92E--C3 7. ( 20 7E-03 7. 314 9E-03
15 9. 179 51; -0 4 1. , 1414E-03 1.2 485E--0 3 1. 3 186E-03 1. 3 712E-03
16 1 . 1 6 3 L -0 4 1. , 6 4 7 E - 4 1.0 76 6E--C4 1. C 64 6E-C4 1. C93 4E-04
17 1.9 47U -0 6 2,•387BE-06 2.5 626E--06 2. 71C7E-06 2. 80B2E-06
L8 1.0383 E -08 1.,2799E-08 I . 3 8 B 3 E -08 2. 1 1C3C-08 2. 3 004E-08




20 1 . 7 9 9 8 E -15 3. 19 3pp- 1 5 4./8H5F-- 15 4. 1274E-1
5
5. 62 2 7E-15
LEAD- IRON, lMEVtB 1-4
GRP, B2=l B2-2 B2 = 3 82=4 B2=5
1 2. 2 639 E +0 1.927/, E 400 1 .744 9E 4CC 1. 6 2 C 4 E 4 CO I. 52 1 OE+00
2 2.0 76 t [ 40 1.81 061 CO I . 6 6 2 8 E 4CC 1. 561 7F + CO 1. 481 4E+00
3 1. 7 38 2 F 40 1 . 5 8 8 7 E 4 00 1.5069E 4CC 1. 4 5 1 F * CO 1. 4 061 E + 00
4 1.4 654 1+00 1.4141
E
+ C0 1.3 24E 4CC 1. 3 59CE4 CO 1. 34 06E4 (
5 1.2790E400 1.29 591 4 C C 1.29* V- 4-CC 1. 2 9 7 7E 4 CO 1. 2974E4-00
6 1. 138S- +00 1. 195 3E 4 CO 1.2216E 4CC 1. 2 394E4•CO 1. 2645F400
7 9.6 40 5 I -0 1 1.0477E 4C0 I . C 9 7 5 E 4CC 1. 1 34 ?E4CO 1. 1 56CE4-0C
8 6. 8 7 54 C -0 1 8. 06 29 -01 8.8 3 35E--01 9. 3 98 9E-01 9. B4 5 3E-01
9 4.0322C-0 I 5.333 M -01 6.0 91 3E--01 6. 6C3 3E-•01 6. 9B51E-01
10 3.0043E-0 I 3.9247 ,-- -01 4.3990E--01 4. 7C41.E-01 4. 92 81 E -0 1
U l. 4 8 2 7 E - 1 1 .8562E -01 2.0 3 26! -01 2. 1460E-•01 2. 2 3 04F-01
12 3.6 98 5E-0 2 4. 68 92 -02 5 . 1 7 6 8 E -02 c; 4 942E- 02 5. 73 04 E -02





5.968 2E -03 6.60 7 2E--03 7. C24 3E-•03 7. 3345E-03
15 8.9221E-0 4 1.12 84 -03 1 .2 4 39E--0 -5 1. 3 18 8E-•03 1. 3745E-03
16 9.6B18E-0 5 1.0360E -04 1.0 599E -04 1. l 3 C 1 E - 04 1. 432 2E-04
17 1 . 8 B 4 1 ( 2.3549E 2.5 68 >E--06 2. 7C51f -06 2. 7602E-U6
18 1. 050 E -0 8 1.2634E - 8 2 . 2 3 1 F •- 8 2. 1 6C6E-C8 2. 98 7 9E-0B
19 8.4 537E-12 2 . 6 5 6 5 ( - 1 1 4.39681 •-i 1 4. 7654F- 1 1 5. 555 911-1 1
20 I. 9 059 E- 15 3.43 8 A F - 15 3.8 7 771".--15 6. 0762E- 1 5 5. ?3 06fc -15

Table C.68. Continued.
LEAD- IRON, 1MEV.B 1 = 5
222
GRP.» B2 = 1 U2=2 8 2=3 D2=4 82=5
1 2. 3 333E+00 1 . 9 6 8 I E + C 1 .7628E + CC 1. 6262E+ CO I. 51 8 5E + 00
2 2. 1357E+00 1 .840 71- +00 1 .6757E cc 1. 5653E4 CO 1. 47 8 RE + 00
3 L. 7 594 E +00 1 .5985E+C0 1 .5 102E CC 1. 4497E + CO 1 . 4 3 4 E CO
4 1. 4 *,2? E +0 1 ,4 1 16E+00 1 .3803E + CC 1. 3 5 7CM CO 1. 5 3 8 7 \ + 00
5 1 . 263 7t +0 1 . 2879E+00 1 .2942E cc 1. 2 95 6E-» CO 1. 296 71- + 00
6 1. 1 179E+00 1 . 1 8 5 2 E + C I .21 71E cc 1. 2377F4 1. 2547c + 00
7 9. 44 1 HI-; -0 1 I .0385E+00 1 . 9 4 1
E
cc 1. 1 345P+ CO 1. 1675E + 00
8 6. f 53 7t -0 1 8 .0U6E-01 8 .8246E--01 5. 4 I 3 7E- 01 9. 8 7 6 3 E -01
9 3. 9 646 E-0 1 5 . 3006 E- 1 6 .O0 6AE--01 6. 6 153E- 01 7. 0096E -01
10 2. 9 389E-0 1 3 . 8 886 E- 01 4 . 3 H 5 7 r --01 4. 7C44E- 01 4. 93 7 7E -01
11 1. 4 506E-0
L
1 .8 385E-01 2 .0252E--01 2. 144 7E- 01 2. 2 3 316 -01
12 3. 62 14E-02 4 .6474E-02 5 .161 1E--02 5. 4937E- 02 5. 74 03E -02
13 1. 52556-0? 1 .96286-02 2 . 1 8 7 1 E --C2 2. 2 3 3CE- 02 2. 441 1 E -02
14 4, 600 9 E -0 3 5 .9152E-0 3 *» . c.^ 7 5E--C3 7. C241E- 03 7. 34 7 8E -03
15 8. 7 329E-0 4 1 . 1
1
R1E-03 I .2 399E--03 1. 3 13bE- OJ 1. 3767H -03
16 9. 3 52 3E-0 5 1 0152E-04 1 .0 4 75E--04 L. 1298E- 04 1 . 18 00E -04
17 1. !' 344 E -06 2 . 3294E-06 2 . 5584E--06 2. 7C4 5E- 6 2. 82 3 8E -06
18 9. 7902E-09 1 ,25?3E-0^ 2 .1C51E-- * ; •' 2. 2 L4 9E- C8 3. 3980J -08
19 R. 2674E-12 3 . 5339E-11 3 .9978E-- 1 I 5. C352E- 1 1 5. 8930E -1 1
23 4 8 4 E - 1 5 j .74 5 IE- 15 4 . J187E--15 E 7 "» 7 rtr .. 15 ( 15
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Table C.69. Scattered Energy Flux Spectra, I s ( b, +b
2






for IMeV Photons in Slabs of Water
Fol 1 owed by Ti n
.
WATER-TIN, 1MEV,B 1=,
GRP B2= 1 B2=2 B2=3 B2 = 4 B2 -5
1 2. 66 6 b' +0 2. 1317E+0C 2 . 1530E+CC 2. 1 53CE + CO 2. 126 0E CO
2 1.9 7 19 E +00 2. 30 IE + 00 2 .04 86E + CC ?. C4 86E+ CO 2. C 3 ! 8
1
+ 00
3 1.7921E+C0 1. B37 ] E+-00 1 . P50 1E+CC 1 . 8 5 1 E « CC 1 . 852 7E + 00
4 1 ,627 IE +00 1, 646 3E+00 1 .6513E + CC 1. < 61 3E +•CO 1. 65 84b + 00
5 1.4722E+00 I. 4650E+CC 1 .A 6 io r +cr 1 . 4 6 i CE * C 1 . 4671b + 00
6 1.2R34E+00 1. 257 3E + 00 i ,24tMJE+CC L. ?4 8CE« CC L. 251 M + 00
7 9.999 8 E-0 I 9. 6658E-01 9 .5 5 75E-01 9. 5 5 75E- CI 9. 554 8E -01
8 6.0238E-O1 6, 685 8 E- 01 5 .5 994E-01 5. 5 c. 9 4 E -•01 5. 598 )t -01
9 2, 1082E-0 1 1. 90 9 3 E- 1 1 .8 7 7 7E-01 1. 8 7 77E-01 1. 8726E -01
10 5.4518 E-02 4. 9 690 E- 2 4 .8 3 47E-02 4. e 34 7E-02 4. 7286E -C2
11 6.6232E-0
3
6. 19 50E-0 3 6 .04 55E-C3 6. C45SE- 03 5. 9277E -03
12 3.0 75 8E-04 2. 860 6 E- 04 2 . 7998E-C4 2. 7 C, 9 8E- 04 2. 76?7E -04
13 8.2517E-0 5 7. 6 3 1 7 E- 5 7 ,4 565F-0 5 7. 4 S65E-05 7. 35 7 8E -05
14 1.2845E-05 1. 2102E-05 1 . 1 5 9 1 E - C 5 L. l 5 9 1 E - 05 1. 152 7E -05
15 6. 3 89 7 b -0 7 8s 6690E-07 5..8216E-C7 5. 821 6E- 7 8. 7442E -07
16 3.0 54 3E-08 3. 6 3 77 E- 08 ij .0 146E-08 3. C146E- C9 6. 314 7E -08
17 L. 8 260 E- 10 4. 1 1 15E- 10 .5 7 69E-IC 3. 5 7 6 9b- 1 3. 7693E -10
IB 3.5 743E-1 3. 3 1 2 7 E - I 3 3 .9 6 52F-1 I 3. 9 652E- 1 3 4. } R 4 t -1 3
19 3. 152 IE- 16 6. 37 520- 16 4. 6 8 7 2E- 16 4. 6872E- 16 5. 43 4 7b -16
20 5.5036E-20 5. 7158E- 20 r .0 749E-2C 2 • 74 9c-20 6. 32 7 6 E
WATER- TIN, lMEV.B 1 =4
RP. 82= 1 B2=2 B2=3 B2=4 h2=5
1 I. 9 6 38
E
+ 2 .0 3/4E+0C 2 . 5 8 2E + CC 2. C 582E + co 2. 3 6 1 E + 00
2 I. 8 895 +00 1..9576E+00 1.9 7 76E + CC 1. 5 >76E + 00 1 . 9669E+00
3 1. 7 48 6 b: +00 1 ., 8059E + 00 1.8244 b + C 1 . C244E+ CO 1. 8 3 6 4 b + 00
4 I . 6 7 8 E + 00 1 .6424E +00 1.6 5 39E + CC 1 . 6 5 3 9E + CO 1. 5 + U0
5 L.4698E + 00 I .4 776E + CC 1.4791c + LC 1. 4 7 9 1 E + CO 1. 4 8 ' + 00
6 1 . 3 1 4 E + 00 I .2825E+CC 1.2 7421 + CC 1. 2 /4 2E + CO 1. 2 7 3. 9 E + 00
7 1.0456E + 00 1., C 2 E + 9.8 2 88E -01 5. E 2 8 8 E -01 9. 73 3 I : -01
8 6.6 283 -0 1 L. ,9840b"- 0] 1. 7 56 3b -01 5. 7 96 *E-01 6. 7086E -01
9 2. 3 5661 -0 1 1 . 9 9 5 E - 1 1 . > 3C IE -CI 1. <; >C lE-•01 1. 9002 E -01
10 5.6069E -02 4 .947 3 E - 2 4.8 1 3 7E -C2 4, 8 1 3 7E-02 4. / 1 5 2 r -02
11 6.7014! -0 3 6.. 1 6 67 E- 3 6.0 2 8 - 3 6. C2 8 'b- 03 5. 92 7b -03
12 3.2094 b -0 4 2 . 89 4 BE- 04 2.8 22 3E - C 4 "5 8 22 3b-04 2. 775 5 b -04
13 8 . 6 8 1 E -0 5 7 7533E-05 /.5229b -C5 7. 5 22 5b-05 7. 4 7 36E -05
14 1.3579
'
-0 5 1 .1837! -05 ] .1 7 9b -C5 1. 1 70 05 1. I 1 95E - 5
15 6 . 5 7 1 1 E -07 6 .34 78E-07 6.3 6 96E -0 7 5. 8 6 96E- 7 1. IS! -06
16 2.379 2 -08 3 . 7 7 7 8 E - 8 3.9 1 16b -08 3. 5119E- 8 7. ) 34 7E -08
17 2.5301b -10 4
. 1538E- 10 3. 2 2 94
F
-1C 3. 2 2 94b- 1 4. 752 4E -1
18 4.1187 1 -13 4..0934E- 13 3.649 IF -1° 3. 6 4 9 1 E - 1 3 6. 0516E -1 3
19 3.6506b -16 4 . 5 3 13!.- \L 4.9 4 32b -16 4. 9 4 32b- 1 6 6. 161 7b -16
20 5.72201 -20 6 .6 8 9 IE- 20 6.5 144b -2C 6 . 5 144E- 2 5. >6 34E -2
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for lMeV Photons in Slabs of Water
Fol 1 owed by Lead .
WATER-LEAD, IVEViR 1 = 1
GRP B2 = 1 8 2=2 82=3 13 2=4 B2=5
1 2.7957E+00 3. 136 3F-+ 00 3.3 4 7SF *CC 3. 4 56 7E + C0 3. 624 5E+00
2 2.5968E+00 2.8 5 72F+0C 3.O108E + LC 3. I 16CF + C0 3. 2 04 8E+00
3 2.2 i 89 E +00 2. 3 269 8-• 00 2.3 704E + 00 2. 3 52 8E + 00 2. 4 074E+00
4 1.8318E+0O 1.7990E 00 1.765] E cc 1. 7 3 8 9E + 00 1. 71 5 9E+00
5 1. A 36 8 E +0 L.32 20E-HOC 1.2 5 96E + CC 1. 2 2C3F + 00 1. 1 892E+00
6 1.0 174F+00 8.98 3 5 F--01 8.4 29=4E--CI 8. C 6 8 7E -01 7. 81 79E-01
7 5.9 76 If -0 1 5.2225E--01 4.8 66 7E -01 4. 6427F--01 4. 4 6 3 2 E - 1
8 2.3745F-0 1 2.0782G--01 1.9 4 31E--CI 1. 8 569E -01 1. 7872 E -01
9 4.3558F-02 3.6102E-•02 3.4 104E -C2 3. 2 81 ec -02 3. 1765E-02
10 5.3277E-03 4 . 6 9 6 4 E --0 3 4.3560E--03 4. 1296E--03 3. 9451 E-03
11 3.92558-04 3.50 77E--04 3 . .? 7 1 1 ! -C4 3. 1 142E--04 2. 9858E-04
12 4.3436E-06 3.8871E--06 3.59 1 IE--C6 3. 7 132E--06 3. 984 6E-06
13 2-4 8 70E-06 2.2O30E-- 6 2.0 6 22E--06 1. 5 69 7F -06 1. 8993E-06
14 4. 194 3E-0 7 3. 71 50 E--07 3.4 752E--07 3. 3 134E -07 3. 1793E-07
15 3. 5 3 74 F -0 8 3. 1402E--08 2 . 9 3 1 4 E -08 2. 7 836E -C8 3. 7244F-08
16 7 . 3 1 5 E - 1 6. 319 5E- 10 8.7 3 56E--1C 1. IC13F -C9 L. 101 SE*-09
17 4.4911E-12 4.6854E-- 12 5 . 9 fi 3 81 -12 7. 74 9 8E--12 1. 016 9E-1
1
18 3.73331-15 3. 78 2 3 E--15 4.0905b--1 5 4. 7C10E--1 5 4. 0842E-1 5
19 7.0203F-2O 8. 40 56 E-•20 8.73381 -20 9. 2 442E -2 6. 805 IE -2
20 8.0 17iE-26 1.0 7158-•25 1.1 16 7E--25 1. C27^E--2 5 1. 2 36 7E -2 5
WATER-LEAD, lMEV,fi 1 = 2
GRP, 82= 1 8 2=2 8 2=3 B2=4 8 2=5
1 2. 8 49 7
F
+00 3 . 2 3 2 E + 00 3.44 661 + 0C 3. 550C8+C0 3. 695 7F + 00
2 2.6473F + 00 2.93 3 5
F
+ 00 3.0 8 72E + CC 3. 1 8 6 1 F + C 3. 2 5 7 r> F




+ C0 2.4044E+CC 2. 4 1 86E + 00 2. 42 4 9E + 00
4 1. 8470 + 00 1 .80 16 + 00 L.75 C>7E +CC 1. 7 2 99E+0 1. 7U8 )t + 00
5 1.4 180F +00 1.29 35E + 00 1.2 303E CC L. 1 536E+00 1. 1692E+00
6 9.7875E -0 1 8. 567 IE--0 1 8 . 6 B <, 1 -01 1. 7 8 96E-01 7. 601 3F -01
7 5.6233E -0 1 4.8 6 33E--01 4.5815c - 1 4. 4 I 9 F' 8 - 1 4. 3065E -01
8 2.2 2 rJ2( -0 1 1 . 9 2 4 2 F -01 1.8274 E -0 1 1. 7 6 84E-01 1. 7256E -01
9 3.9 147 E--0 2 3. 42 90
t
-02 3.25'' ~C2 3. 1 r 8 6E-02 3. 08 8 3E -02
10 4. 6 5 58
f
-0 3 4.2 30 IE -03 4.0 2 5 8E -03 3. E84CE-0 3 3. 77 75E -03
11 3. 4 69 2 -0 4 3. 192 7E--04 3 . 'i 6 ',
:
-04 2. 94 56E-04 2. 8695E -04
12 4. 2 274
i
-06 3. 5 60 6 -06 3.5 3 70E -06 3. 3 4 758-06 3. 2 6 5 8 E -06
13 2 . 2 8 3 2 E -06 2. 0370 -06 1 .9 3,1 - -06 1. 8 74 78-06 1 . u? 8 5E -0(>
14 3 . 8 3 5 4 r -0 7 3.4282 E -07 3.2 5 86! -07 3. 1 5 3 1 F - 7 3. 7 A i -07
15 3. 1702F -08 2.8737 E -08 2.7 327F -08 2. (- 464E-C8 ^. 5 55 9E -08
16 8.8664 E -10 8.44,'/ E - 10 8.4 1 5 5E - 1 8. 2 4 4CF-1 8. tih2 C£ -10
17 4 . 6 6 7 5 F -12 5. 4 7 87 - 12 7.1118* -12 9. 3 3 8 58-12 9. Ml 91; -12
18 4 . 1 4 1 1 ( - 1 5 4.1949 E - 15 4.42 6 7 E -15 4. 6 2 798-1
5
4. 62 6 88 -15
19 6.8 3 I IE •20 8. 3 35 IE -20 8.7 549F -2C 8. 1 J06E-2 7. 66 70E -2




WATER-LEAD, 1MEV,B 1 = 3
GRP. B2= 1 B2=2 a 2= 3 B2=4 B2=5
1 2.8333E+00 3.>2398E<hCO 3.4 6 9 3E CC 3. 6 196P + C0 3. 7246E 00
2 2.6372E+00 2. 94 54E^ 3.10 87E + 0C 3. 2U6E + C0 3. 2 82CE 00
3 2. 2646E+00 2. 3860 EhKJO 2.4235E 00 2. 4366E+C0 2. 44 I OE 00
4 1.8523E+00 1. 81 12E+00 1.76 C>8E cc 1. 7322E+C0 1. (08 5E 00
5 1.4 22 IE +00 1. 2 9 1 3 L + 1.2 2 2 3E CO 1. 1 82 9E + C0 1. 1583E 00
6 9.8083E-0 I 8, 4 4 49E-01 7.9055E--01 7. 6 2 79E-01 7. 4 5 8 5 E -01
7 5. 6 148 E -0 1 4
.
7137C-•01 4.42 ;3E-- 1 4. 2 877E-01 4. 1972E -01
8 2. 20 33E-O1 1. 85 26E-•01 1.7 6 *6E--CI 1. 7 153E-01 1. 6H22E -01
9 3.9097E-02 3. 3472E-02 3.1 762E--02 3. C84 6E--02 3. 024 5E -02
10 4.3716E-03 3. 9826E-•03 3.8 3 1 2E--C3 3. 7293E-•03 3. 65 21E--03
11 3.2820E-04 3. 0292E- 04 2.9 149E--04 2. 8 3R2E-04 2. 79C0E--04
12 4.4 92 3t: -0 6 4, 79 31E- 06 4.7456E--06 4. 74 16E-06 4. 7455E--06
13 2.2187E-06 1. 9 552E-06 1.8 6 74E--U6 1. b 17 5E-06 1. 772 9E--06
14 3.7230E-07 3. ? 8 3 5 E - 7 3.1406E--07 3. C514E--07 2. 98 5 8E -07
15 2.9172E-08 2. 7205c- 8 2.6 3 56E--0 8 3. 5171E-ce 2. 52 *2t--OS
16 8. 6 32 IE- 10 8. 130 5E- 10 5.661 9E--10 9. 1 52HE-1 1. 2 1 3 E -09
17 5. 1794E-12 5. 9646E- • 12 8.42 2QE--12 9. 5 u i;e-12 9. B5 3 2E--12
18 4. 105 2 E- 15 4 . 1129E- 15 4.4 c : 38E--15 4. 5 6 68E- 1 5 4. 746 7E--15
19 8.2162E-20 8. 1474E- 20 6.66 2 1E--2C e. 3621E--20 8. 062 2E--20
20 1.0 362E-25 1. 39 2E- I'j 1.1C37E--25 i. 19 75E-2 5 1
.
2 042E--2 5
WATER -LEAD, l'-'CV,B 1=4
GRP,\ B2= 1 B2=2 B2 = 3 B2=4 B2=5
1 2. 7846E +0 3. 2099E-* 3.4 5 5 7E-* c c 3. 6
1
6CE+C0 3. 7310E 00
2 2. 6021E 00 2. 9 2 8 4 E GO 3 . 1 4 4 E t oc 3. 2 144E + C0 3. 2 9 09E 00
3 2. 2554h +00 2. 3 9 3 5 E •( 00 2.4 3 70E CO 2. 4 514E+C0 2. 4 64 8E co
4 1. 8 5 79 E 1. 8 2 4 4 • < 00 1.7 7 72E cc 1. 74 IE + 00 1. 71 3 0E 00
5 1. 4 356 E +0 1. 29 99E-"00 1.2 2 3 7E
-
CC 1. i eciE + co 1. 152 BE 00
6 9. 9580F -0 1 8. 4 4 1 1 E - 01 7.3 316E--0 1 7. 5 341E-01 7. 360 CE--01
7 5. 7 651 -0 1 4. 6501E- 01 4.3 381E--01 4. 2 C I E - 1 4. 1 1 7 3 E •-01
" 8 2. 2 26 IE -0 ) 1. 8 1 5 5 E - 01 L.7 2 37E --01 1. 6 7 95E-01 1. 6 5 J E -01
9 3. 9 40 6 E -0 2 3. 30 5 2E- 2 3.123 /'•--02 3. C338E-02 2. 9775E -02
10 4. 222(.T -0 3 3. 8266 E- 03 3 . 6 9 / .-: ! --0 3 3. 6 172E-C 3 3. 55 79E -0 3
11 3. 2 40 SI -0 4 2. E i 8 2 H - 4 2.3C i2\ -- 4 2. 7 92 2E- 04 2. 735CE -04
12 6. 7 4 9 F -06 4. 9 3 3 2 E- 6 4.7 962E--06 4. 4 3 2 OF -06 5. 91 6 4E -06
13 2. 2627E -06 1 . E 8 72E- 6 l . 8 2 4 7 E --06 1. 7609E-06 1. 72 6 3E -06
14 3. 9 1 9 3 E -0 7 3. 2 70 7E- 07 3.0 6 i6E--07 2. 964CE-07 2. 912 9E--07
15 3. 6 6 7 \ -08 2. 3 300E- 08 3.520 3E--OP 2. 54 66E-C8 2. 4 8 8 9E -08
16 1. 19 26 E -0 9 8. 7732E- 10 1.0 171E--cs 1. 3 5 85E-C9 1. 1 5 8 3 E - 09
17 7. 2080 E -12 7. 5 3 9 4 r - 12 9.54 64E-- 12 9. 8 2 02E-12 9. 7724E--12
18 4. 5 3 5 C -15 3. 9 6 5 C - 1 5 4.5 8 8 1E-- 15 4. 6 6 86E-1 5 4. 6 74 9E--15
19 9. 135 3f -20 7. 6288E- 2 6 . 5 J 4 E --20 9. 3 3 83E-2 8. 341 CE--2
20 1. L651E -2 5 1. 2177E- 25 1.15 60F--25 1. 1 52 7E-2 5 1. 18 98E- -2 5

Table C.70. Continued
WATER-LEAD, 1MEV, ii 1=5
226
GRP. B2 = i B2=2 82 = 3 B2=4 B2=5
1 2. 7221E+00 3. 1640E+00 3.4235E+CC 3. 5 9 76E+-CO 3. 71 9 8E + 00
2 2. 5564E+00 2. 8989E-*^00 3.0867E+0C 3. 2C6 9 C +C0 3. 2 8 8 1 >" + 00
3 2. 2414 E +00 2. 39 52E-I^00 2.4 4 6 of- +0C 2. 4 634F -i cc 2. 4677E + 00
4 1. 8 644 E +0 1 . 839 IE +00 1.791 2E+CC 1. 7'j0 9E-tCO 1. 72 07E + 00
5 1. 4 534E +0 1. 31 34E+C0 1.2 30 2E+CC L. 1 613F< C 1. 1511 E + 00
6 1. 158E+00 8 . 49 37E-01 7.3C76E-01 7. 4 7 7 1 r --01 7. 293 n -01
7 5. 8 346E-01 4. 6 30 1 E-01 4 . 2 8 2 4 E - 1 4. 1 382E-01 4. 05 8 !\ -01
8 2. 2 642E-0 1 1. 7965E-01 1 .69 79E-C1 1. 6537E-01 1. 62 6 6E -01
9 3. 9874E-02 3. 2 8 59E- 02 3. 9 00E -02 2. 5975F-02 94 1 7E -02
10 A. 1549E-0 3 3. 72 C>2C:-03 3. 6 2 4 E- 2 3. 5 33HE--C -5 3. 4 83 7E -03
11 2. 9 98 4 E -0 4 2. 89 62E-04 2.8 807E-C4 2. 7 2 84E- 04 2. 703 9E -04
12 6. 4 656E-06 6. 117 1E- 06 6.0 8 04E-C6 A. 591 7E--06 6. 3966E -06
13 2. 9449E-06 ?. 53 29E-06 1.7736E-06 2. 4252E-- 6 2. 422 8E -06
14 4. 7S81E-0 7 3. 2056E-07 2.9 649E-C7 2. P ?25F-07 3. 909 JE -0 7
15 3. 7 62 3 E -0 8 3. 56 12E-08 2.6 04 7E-08 3. 4 445E-•C8 2. 55 6 0E -08
16 1. 4 6 31) E -0 9 7. 557 3E- • 10 1.4 766E-C9 1. 441 IE-C9 1. 6 62 E -09
17 1. 706E-1 1 9. 6299F- 1? 9.8990E-12 7. C532E--12 8. 7522E -12
18 4. 8 752 E- 15 4 « 6 1 3 r) E - IS 4.4 6 86E- 1 r) 4. 5 2 95E-•15 4. 315 6E -15
19 9. 8 764E-20 7. 08 28E- 20 9.5 3 75E-2C 7. 812CE--2 9. 3 98 0E -20
20 2 664E-2 5 i • 2599E- 25 1.19 76E-2 5 * f r i > r -> t 1. r\C t -» i"U J I > i t rC -'
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), for lMeV Photons in Slabs of Iron
Fol 1 owed by Lead .
ROM-LFAD, 1MEV,8 1 = 1
GRP,1 B2 = i B2=2 B2=3 B2=4 B2=5
1 2. 8 159E+00 3. , 1532F+0C .3 620E CC 3. 5l48E-<-co 3. 62 5 9E 00
2 2. 6 L19E+0Q 2,.8693E+00 3 .0209E cc 3. 1282E<CO 3. 2054E CO
3 2. 2242E+00 2, , 3299E+00 2 . 3 72 7f CC 2. 3 93 6E-« CO 2. 4 6 3 E + 00
4 1. 8 304E+0Q L. , 796 2E + 00 \ . 7 6 2 4 E cc 1. 7357F'00 1. 71 L + 00
5 1. 4 306 E +00 1. 3170E+00 I .2557F cc 1. 216 3E-I-co 1 . I 8 9 3 E 4 00
6 1. 0106E+00 8..9413E-01 8 . 3 5 7 1 E --CI 8. C554E--01 7. 81 9 7E -01
7 5. 9323E-01 5. 1977E-01 4 .8465E--CI 4. 6 215E-01 4. 465 01 -01
8 2. 356DF-01 2. 069 3E-01 1 . ?3 55E--01 1. E489F--0 1 1* 78H1E -01
9 4. 261E-0? 3..5964E-02 3 .3982E--C2 3. 2 7C8E--02 3. 1 7 8 1 E -02
10 5. 3 148 6-0 3 A,,6 79 IE- 3 A .3 367F--03 4. 1 12 9E-03 3. 95 05E -03
11 3. 9 142E-04 3, 4 9 4 4 F - 4 3 .2 576E--04 3. IC07E-•04 2. J884L -04
12 4. 3469E-06 3. 8 75 8E-06 3 .7442E-- C 6 3. 5113E--06 3. 64 62F -06
13 2. 4720E-06 2. 1943E-06 2 .0 5 36F--06 1. 962 IF--06 1 . 8 96 OF -06
14 4. I 70 6 E -0 7 3.,700 IE- 7 3 . 4 5 8 4 E -C7 3. 3C2 8E-07 3. 1 8 6 7 E -C7
15 3. 5 144E-0 8 3, 1276E-08 2 .9 114E--Cc5 2. 7 75 *E-C8 2. 6 6 6 7 E -08
16 7. 1021F-10 6. 32 39E- 10 8 .3199E-- 1C e. 4U1E--1 1. 0762t -D9
17 3. 5883E-12 4. 8 7 28 E- 12 7 .8303E--12 7. 4 7 2 i E --12 9. 36^3E -12
18 1. 8699E-15 4 , 3 16E- 15 4 .82 ICE-- 1 •> 4. J4 7 8E- -1 5 4. 62 7 9E -1 5
19 6. 2524E-20 7, 9 3 69 E- 20 g . 3162E--2C 8. 5 53 9E-20 9. 4 8161 -2
2D 8. 2 L86E-26 1. 00 53E-25 9 » 4 4 4 E - - 2 6 '9. r> •> ,-, r\c-1 ( Kj OL. iJ. • -2 5
IRHnI-LFAD, HEV.Il 1=2
GRP, B2 = 1 82=2 82=3 B 2 = 4 B2=5
1 2.8637E+00 3. 2 3 70IH OC 3.44E8E + CC 3. 5547E* CO 3. 6 97 OF + 00
2 2.6571E+00 2. 9 3 7 6 E iOC 3.0 8 83G + CC 3. I 6 8 5E* CO 3. 2 5 80F + 00
3 2. 2 64 5 E +00 3 6 87 C i<0 2.40 341- +CC 2. 4 16PE-*CO 2. 42 3'-! + 00
4 1. 8 4 59 E +0 1. 8002E-I00 1. f5'iCX- + CC 1. 7 2 9CE+ 1. 708 OE i 00
5 1. 4 150 F +00 1
.
2 9 2 2 E <•00 1.2 30 IE + CC i. 1 9 3 3E-«00 1. I 6 9 3 E + 00
6 9.7528E-01 8. 560 3 E- 01 »•' .0 7G6E -CI 7 7 85 01 7. 6 04 3E -01
7 5. 5 949 E -0 1 4 8 621E- 1 4 . 5 a 5 i ' -0 1 4. 4215E--01 4. 3092E - C 1
8 2.2062E-0 1 1 . 9 2 4 ! - 01 1 . 8 2 9 1 f -01 1. 7694E--01 i. 7267F -01
9 3. 8 9 48 I -0 2 3. 4295E-02 3 . 2 6 1 C E -c? 3. 1 614E-02 3. C9 061 -02
10 4. 6 6 15 f.~0 3 4. 2 •' 3 E - 3 4.0 329E -03 3. 8 521E- - 3 3. 78? 7l -03
11 3. 4 70 4 E -0 4 3. 1 9 7 3 E - O'i 3.0 50 ?E -04 2. S4«4^-04 2. 8 72'"! -04
12 4.0 2 15E-0 6 3. 6 2 10E- Ob 3.5C4CE - 5 3. J 2 C I E -06 4. M 02F -06
13 2.2779E-06 2c 3 8 7 E - 06 1 . 9 4 C 2 1 - 6 1. 8 76 8E-- 6 1. 83 OIF -06
14 3.8258E-07 3, 4 299E- 7 K2630E -0 7 3. 156 7E-•0 7 3. 75 BE - 7
15 3. 14 14E-0 3 86R3E- 08 2.73J9E - 3 2. 6 43CE- C 8 2. 574 J! -08
16 6.3 943E-IC 5. 8 15 IE- 10 f ) . 6 5 2 C £ - 1C 8. C141E-•1 1 . 03 5 4 E -09
17 3.2 584E-12 4. 5 1 3 E - 12 7.4414 E - L2 5. 6 9 1 9E - 1 2 9. 1 4 6 E -12
18 1. 6 940 F- 15 3. 7 362*
-
15 4 . 3 2 7 IE - 1*5 3. 6 71 7F J 5 4. 62 Oh - 1 »
1.9 5. 7O80E-2O 6. 798 5 ( - 20 8 .5 199F - 2 C 16031 - 2 7. 54 4 7K -2
20 7. 2 9 3 E- 2
6
6. 3508E- 26 1.0 9 iOE -25 4108E-•2 6 1. 1 2 3 4 E -2 5

228
Table C.71 Cont i nued
IRON-LEAD, i M E V , B 1 = 3
GfiP. B2=l 82=2 B2 = 3 B2=4 Q2=5
1 2.8527E+00 3. 2466E+CC 3.4 7 8 3E + CC 3. 6 2 4 6E *•CO 3. 72 8 Of + 00
2 2.6515E+00 2. 9 501E+0C 3.1 14CE + CC 3. 214 3E-*•CO 3. 283 7E+00
3 2. 2 69 2 E +00 2. 3868E+00 2.4218E + CC 2. 4 34 7F-» CO 2. 4 3 9 r>f + 00
4 1.8516E+00 1 . 8 9 5 E + 1.76 39F + CC ] . 731 1F-*CO 1. 70 7 7!~ + 00
5 1.4 179E+00 1. 2893E+0C 1.2 2 09E + CC 1. 1 8 2 4 L *00 1. 15 8 1 E + 00
6 9.7505E-01 8. 4 307E-01 7.8 99 1 F--0] 7. 62 8 7E-•01 7. 46 04E -CI
7 5.5 60 4E-0 1 4 4 70 78E-01 4.4290E--CI 4. 2S03E- 01 4. 1998E -01
8 2. 1757E-0 I L. 8519E-0) I. 764 IE -CI 1. 7166F--01 1. 6 8 3 3 E -01
9 3.8 714E-0 2 3. 3 4 3 8 E- C 2 3.1 775F--C2 3. C 874C-02 3. 02 6 3F -02
10 4.3634F-03 3. 9 869E-0
3
3.8400F--0 3 3. 7 37 JE-03 3. 65 796 -03
11 3.? 770F-O4 3. 3 35E-0 4 2.9K ; 2F--04 2. 8 43 8E- C4 2. 7 8 751 -C4
12 3.8 99 3F-06 4. 89 6 3E-C6 3.3 202H--06 4. 6C23E-•06 4. 685 5E -06
13 2.207 3E-0 6 i. 9477E-06 1 .8 69 2E--06 1. 8 185F--06 1. 7 78 8 F - Q 6
14 3.6967E-07 3. 28 66E-0 .' 3.14 15F--C7 3. C55CE-07 2. 99 9 OF -07
15 2.9 84 3E-0 8 2. 7201F-C" 2.6 190E--08 2. 5 513E- C8 2. 54 64E -08
16 6. 1244E-10 8. , 3 8 1 9 E - 3 5.32S5P--1C 7. 9 34 8E-•10 1 . 2572F -09
17 4.5100F-12 7. 51 49 E- 12 5.9 8 54E--12 7. C529E- 1 2 8. 05 8 9E -12
18 2. 6 420 E- 15 4. 175 IE- 15 3.6 1 74E--15 4
.
4 19 8E- 1 5 4. 3 5 01 E -15
19 6.4954E-20 7. 340 2 F- 20 7.4905E--20 8. 2 942F-20 7. 73 6 91- -sQ
20 7.2811E-26 n 7 t 11 «rf • O < i I- c -26 9. 4 v C 2 6 1 . 061 9L -2 5
IRCn-LEAD, 1MEV,B 1 = 4
RP, R2= 1 B2=2 82=3 B2=4 B2=5
I 2.8 125 F +0 3. 2257E+0C 3.4 699E + CC 3. 6 2 56E + C0 3. 735 11 + 00
2 2.6226E +00 2 c 9390 E +00 3.1 13CE + CC 3. 22CCE t-CO 3. 2 93 21" + 00
3 2. 26 13 F +0 2. , 3941E+( 2.435CE + CC 2. 4 4 9 2 E + 2. 453 51 + 00
4 1.8 57 1 F +00 1. 8 2 1 5 E + < 1.7 742* + CC L. 7 3 8 1
E
+ 00 1 . 71 1 8E+00
5 1.4 29 8 F +00 1 . 2960E+CC 1.2 212E + CC 1. I 78 h * CO 1. 1 1j 2 4 E + 00
6 9.8 75DE-G1 8. ' LOSE- 01 7.8 18 IE--CI 7. 52 96F. -01 7. 3 6141 -01
7 5.625 7E-0 1 4 ..6347E-01 4 . 3 3 4 7 E -CI 4. 2CCG = -01 4. 1 2 Of -01
8 2. 1858E-0 1 1 . . 8 1 2 1 E - 1 1 - 72 3 3E--01 1. 68C0J -01 1. 6 5 1 5 F -01
9 3.8 39 2F-0 2 jj 1 .' I9E-0 2 3. L2 39E-- C 2 3. C 3 5 < -02 979 3f -02
10 4.
2
588E-0 3 ,83 15E-C2 3.7C60E -C3 3. 6 24 7*-" -03 3. 5 6 2 3 E - 3
11 3. ) 80 5F-04 2. , 93 30E-O4 2.8 3 Of -C4 2. 7 63 7E -04 2. 72 761 -04
12 3. B627E-06 4 .,733 7 E - 6 J.2 10 7E--06 4. t> 79 91 -06 3. 32901 -06
13 2. 18 J4E-06 1. , 8 >75E- C ' 1.3 229E -06 1. 7 76 4E - 6 L. /I 53F -06
14 3.6 49 2F-0 7 3, 9 E - ? 3.0615E--C7 2. 5E82E -0 1 M 36S -0 7
15 2.9 09 7F-08 •> 6 J47E-C: 2.5435 E -CO 2. 4 9 5 5E -C8 2. 64 3 OF - 8
16 5.9562 E - 1 8. , 1375 E- 10 5.19461-- 10 9. 9E16E -1 ] . 35 Ml,
l
-09
17 4 . 4 4 2 1 F - 1 2 7. 6908 E- 1 2 4.8507E--12 8. 7C5 7: -i 2 9. 2 9 1 2 1 -12
18 2. 7 2 36 E- 15 4 , , ? 4 2 2 E - 1' 3.8 5 08E--15 3. 6 22 6E -1 5 4. 661 7F -15
19 6.8 164 £-2 7. >ay??\--2 . 6.5 4 64E -2C 7. 52 5 91 - ? 8. 661 20 -2
20 7.77 10E-26 8.,21 34 E- 26 8 . 9 9 2 3E - 26 1. C&97F -2 5 1. 16 1 01 -2 l;>
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Table C.71 Cont i nued
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for 3MeV Photons in Slabs of
Iron Followed by Water.
IRON-WATCRt 3",EV,B 1 = 1
GRP, B2 = 1 B2=2 B 2 = 3 02=4 B2=5
1 5. 1868E--0 1 5. , 1562f --01 5. 1 2W5E--01 5. C84 2E--01 5. 02 62E--01
2 5.00 79 i •-01 4, , 9 8 5 5 E -01 4.9 6 32E--CI 4. 9239E-01 4. 87 3 5E--01
3 4.6681E--01 4.,66 10E-01 4 . 6 4 7 1 E --01 4. 6192E-•01 4. 5 8 3 4 E --01
4 4.3460E--0 1 4,,3504E--01 4.3 4 30E--CI 4. 3 24 6E--01 4. 3 8 E --01
5 4 . 5 2 7 t -01 4. 0639E--01 4.0 6 1 1E-01 4. t 503E--01 4. 03 6 6b--01
6 3.7921E--0 i 3. , 80 4 81--01 3.8042F--CI 3. 7 9 91E--01 3. 793 IE--01
7 3.5 690E--0 I 3.,5773 E
-
01 3.5765E--CI 3. 5 751E-01 3. 575 OE--01
8 3. 3867 E--01 3. , 3850E--01 3.3817F--CI 3. 3 82 2E--01 3. J ^ 6 1 E --01
9 3. 2435 E--0 1 3. 2 247E--01 3.2158E--01 3. 2157b-01 3. 221 Cr--01
ID 3. 1454E--0 1 3. , 1048E-01 3.0 8 8 7E-01 3. C 86 7E--01 3. 092 3E--01
11 3. 902 E--0 1 3.,0247E--01 3.0C12E--CI 2. S 96 9E--01 "3. 0020F--01
12 3.0432E--01 2.,9 567c--01 2.9 2 31E--01 2. 9226E--01 2. 92 75E--01
13 2 . 9 5 3 E --01 2. 8252E--01 2.8049E--01 2. 8C54E-01 2. 014 6E--01
14 2.4315( -0 1 2. 4314E-01 2.451 J E
-
-CI 2. 4 7 52E--01 2. 4 9 9 3 E --01
15 1.7679E--01 1.,8569E--01 1.9 1 17E--01 1. 9 52 9E-01 1. 9866E--01
16 1 . 9 8 1 3 E --01 2. 14 77E--01 2.2 1 79E--01 2. 2i '>6E-01 2. 3060E--01
17 2. 1061E--0 1 2. 39 18E-0 1 2.49941 --01 2. 57C1E-01 2. 62 54E--01
IB 1.9 175 ( --0 1 2, , 30 85F-01 2.4 4 34E--01 2. 5276E-01 ?. 5 91 p,r--01
19 1.3434F--0 1 1. , 7 6 1 8 E - 01 1.8 97GE--CI 1. 9 7 73E--01 2. 03 7 0E--01
?0 1.4339E--02 1..8969E- 02 2.04 66F--02 2. 1 3 5 2 E --02 2 • 2009E--02
IRON-WATER, 3MEV,B 1=2
GRP, 82= 1 B2=2 B 2 = 3 8 2=4 B2=5
1 5.0823E--01 5.0944 E 01 5.0') 16E--01 5.CC29E--01 4. 944 0E--01
2 4.9244f --0 1 4.9355!-0 1 4.8 9 74 F -01 4.8 54 9E- 01 4. 803 8E--01
3 4 . 6 2 4 4 E --0 1 4.6 3 36 E--01 4.604 4E--01 4. !;737E--01 4. 5375F -01
4 4. 3 323 F--0 1 4.34 10E--01 4.3 179E--01 4.2 96 8E--01 4. 2727E -01
5 4.0586E -01 4.068 I E-0,1 4 . 4 EJ (> E --CI 4.C 3'jIE--01 4. 02 2 JE--01
6 3 . B 7 2 E --0 1 3.8187E--01 3.8006E--01 3. 7 S ^ 6 ,--01 3. 7800E--01
7 3.5839T--0 1 3. 599 8F-01 3.5 791E--01 3. 5 7 7 7E--01 3. 5783E--01
8 3. 3921 F-0 1 3.4139E-01 3 . 3 8 7 6 E --CI 3. 3 39 5E--01 3. 5 944E -01
9 3*2274 E--0 1 3.2567F--01 3.2 216E--01 3.2 24 7E--01 3. 231 8E--01
10 3. 10031. - -0 1 3. 13 59E-01 3.0926E--01 J.C55 9E--01 3. ! 04] F--01
11 3.0 119F--0 I 3.0 54 11--01 3 . C 2 rif --01 3.CC55F--01 3. 01 3 9E--01
12 2. 9 385 E--0 1 2. 9838 E--01 2.92 8 JE-01 2.9 312E--01 2. 93 97E'-01
13 2 . 8 1 4 8 E •-0 1 2 . 8 4 6 8 E --01 2.81J 1E--CI 2.8 1 82E--01 C » 82 9 7E--01
14 2.4 595!
•
-0 1 2.448 IE--0 1 2.4 801E--01 2. 5C2 5E--01 2. 52 4 7E--01
15 1.91541 -0 1 1.8515E--01 1.9 5 64E--CI 1 . G I 9 1 E --01 2. 01 72E -01
16 2 . 2 1 8 F • -0 1 2.0462E-01 2.2 6 92E--01 2. 3CH IE--01 2. 341 5F--01
17 2 . 4 8 4 3 E -o l 2. 2001 E--01 2.5 723E--01 2.6 2 84E--01 2. 67 3 )E--01
18 2.4i6 r, r -0 1 2.0 182E--01 2.5 2 84E-CI 2. 5 94 6E-01 2. 6466E--01
19 1.8 612E--0 1 1.4 246E-0 L l.9 7olF--CI 2. C3 9CE--01 2. 08 70E--01




IRON-WATER, 3MEV f » 1=3
GPP. B2= 1 B2=2 B2=3 B2=4 B2=5
1 4. 9954 E--0 1 4.,984 1F-01 '. .9542F--01 4. 9 07 9E--01 4. 8529F -01
2 4.8539E--0 1 4, 8418E-•01 <i .8 15 1E--01 4. 7 74 7F--01 4. 72 70E--01
3 4. 5 852 E--01 4. 5716E- 01 4 .5508E--CI 4. 5214F--01 4. 48 79E -01
4 4.3 1B0E--0 1 A, 30 21E--01 4 .28610-•01 4. 2 656E--01 4. 2432 E -01
5 4.0 628 E--0 I 4. 04 47E--01 4 .033CE--01 4. C206F--01 4. 008 IE -01
6 3.8 244 b--0 1 3. 8 4 3 E - 01 3 .7 9-62E-•Cl 3. 7 9C3E--01 3. 785 5b - 1
7 3 . 6 1 2 1 E -0 1 3. 5890E--01 > .58 31E-CI 3. 5 82CE--01 3. 5832E - .1
8 3.4282E -0 1 3. 40 1/!---01 a .3972E--Cl 3 3S95E--01 3. 404 BE--01
9 3.2671 E--0 1 3. 2374F--01 t; .23 53F--01 3. 2 3 74E--01 3. 245 OE--01
10 3. 1 381 F--0 1 U 1079E--01 3 . IC^5E-•01 3. 1 C9 U--01 3. 1 I 85F~--01
11 3.0477b--01 3. 0171E--01 i • 138E-Cl 3. C195E--01 3. 02 8 8t -01
12 2 . 9 7 1 6 E -0 1 2. 9 4 24E--01 2 .9396E--Cl 2. 9 454E--01 2. 954 wi: -01
13 2.843 H--0 1 2. 824 7E--01 2 .8267E--01 2. 8 3 560--01 2. 347 U -01
14 2.4819b--0 1 .2. 49 27E--01 2 .5 108E-•Cl 2. 5 3 05E-- 1 2. 5 4 9 7 i -01
15 1.9111E--0 1 1. 9635E--01 1 .99 r>CF-•Cl 2. C2 22I --01 2. 04 52E -01
16 2. 0955 E--0 1 2. 2 6 3 3 E --01 2 .31^7E-•Cl 2. 3 472E--01 •2. i 7 4 4 E - 1
17 2. 2 667 E--0 1 2. 55 77E--01 2 .6 346E--Cl -? 6 804b--01 2. 71 7 8E-- 1
18 2 . o c 7 o f --0 1 2. 4<y97r-•01 2 .5994E-01 2. 6 5 J30--01 2. 6957E--01
19 l . 4 / B 6 E --0 1 1 . 9360E--01 2 .0409E--Cl 2. CS2 » --01 2. I 3 1 2 E -Cl
20 I. 5 784 E--02 / < 0667E--02 2 . 2C'r 3E-•02 2. 261 4F--02 2
.
3 04 OF -02
IKOM-WATFR, 3MEV,B 1^4
RP, B2= 1 B2=2 82 = 3 B2 = 4 B2=5
1 4. 8 8 30 F--01 4
.
8 7 27E-•01 4.8 469F-•01 4. 8C61E--01 4. 75 6 9E - 1
2 4.7 5961 --0 1 4. 74 78E- 01 4.7 24 5E-•01 4. 6 8 89F-01 4. 6464E -01
3 4.5 25 1 F--01 4 . 5104E-01 U .4^20^-01 4. 4t63c--01 4. 4 3 661- -01
4 4.28420--0 1 4. 2661E- 01 4.2 5 1 3E-•Cl A. 2 3 32E--OL 4. 21 3 ;i -01
5 4. 48 3 E--0 1 4. 02 7 3b-•01 4.0 161E--01 4. C C 5 1 E --01 '>. 994 2
1
-01
6 3.8230E--0 1 3. 80 00E-01 3.7920E-01 'A* « 7 86 9E- 01 3. 783CI: -01
7 3. 6 20 2 E--0 I 3. 5946E-01 3.58360-01 3. 5 87 8F- 01 3. 5892b - 1
8 3. 4 4 20 F--0 1 3. 4138E-01 3.4C9 1E-•01 3. 4 1 1 3E--01 3. 416 3 - )1





-0 1 12 29b-•01 5.1207E-01 3. 12 6CE -01 3. 1 3 't ;.
;
-01
11 3.0 5 76 1--0 1 > « 03 16E-0 1 5.0303E-Cl 3. C 3 h. ', f- --01 3. 04 5 3E - U 1
12 2. 9 802 E--0 1 9 569E-•01 2.9 56 2E-01 2. 9 62 5E--01 2. 9 7 1 6 r -01
13 2.8585E--0 1 2. 84 36E-01 2.8 467E--01 2. 8552F--'oi 2. 8 6 6 2 E -01
14 2.'- 192! --01 2 « 5266E-•01 2.541 5! -01 2. 5 5 80E-01 2. 5 7 'i 5 F -01
15 I. 9 59 7 0--0 1 2. 0053F--01 2.0 314E-01 2. C525F--01 2. 07 1 41 -01
16 2. 1 379E--01 2. 3094E--01 2.35-^7F--01 2. 3'i2(\. -01 2. 4 5 I c -Cl
17 2 . 3 2 1 2 E --0 1 2. 6198E--01 2.6897E--01 2. 12 !(-?--Cl 2. 7 5 - 1 r -01
18 2. 1422E--0 1 2. 5689E-0 1 2.66 12E--01 2. 7C5 9F--01 2. 74 04E -01
19 1.52 12F -0 1 1. 99 7 IE-01 2.0 9 6 /-«b-01 2. 1 i9 4F--0] 2. 1 71 ! ^ -01
20 I. 6245b--0 2 2
«




IRON-WATER, 3MEV,B 1 = 5
GRP » B2= 1 B2=2 B2=3 82=4 B2=5
1 4. 7640E--0 1 4..7556E-01 4.7347 c --01 4. 6S98E--01 A. 6642E--01
2 4. 6 5901; -01 4. 6487E-01 4.6299E--01 4, 5S96E--01 4. 56 89E--01
3 4- 4 5 9 3 1 -0 1 4..44 56E-01 4.4 3 09E--01 4. 4C94E--01 4. 3876E-- 1
<t 4. 2 4 5 5 E -01 4. 22 77E-01 4-2 153F--CI 4. 2CC1E--01 4. 185CE--01





6 3. 8 1 9 1 E •-0 1 3. 79 56E-01 3.7 8V8 5E-01 3. 7 845E --01 3. 781 OF --01
7 3c 6 274E--0 1 3. 60 091-•01 3.59 51E--CI 3. 5 54 7E--01 3. 5 9 5 4 E -01
3. 4 568 t
•
-0 1 3. 4 2 7 5 E - 01 3.4225F-•01 3. 4 24 3 1; --01 3. 4279E--01
9 3. 2999 E--0 1 3. 2696E-01 3.2653E--01 U 2 6 85E--01 3. 2 73 7E--01
10 3. 1693 t--0 1 i 1417E- 01 3.1391E--01 3. 143 7F-01 3. 15C0E--01
11 3. 3 7 5 7 E --01 J, 0507E- 01 3.049 4E--01 3. C 54 9E--01 3. 061 4E--01
12 2. 9 9 8 2 E --0 1 2, 9763E-01 2.9757E--01 2. SE14E--01 2. 9 8 8 1 E --01
13 2. 8 8 8 E -01 2..8663E-01 2.8687E--CI -> 8 76 3E- 01 2. 8 8 '» 3 E --01
14 2. 5 5 6 3 E --01 2. 5601! - 01 2.5716E--01 2. 5 84 8E- 01 2. 5 9 7 3 E -01
15 1 5 [ --0 1 2
.
04250 01 2.063Cf : --01 2. C hC6E--01 2. 09 5CE--01
16 2. L759E--0 1 2. 3 r>08E- 01 2.3933E--01 2. < 1 5 6E--01 2. 4328E--01
17 2. 3 686 E--01 2. 6 746E- 1 2.7395E--01 2. 7 70 8E--01 2. 794 3E--01
IB 2. 1 8 9 5 E --0 1 2 6290E- 01 2.7163E--01 2. 7 53 5E--01 2. 7802E--01
19 1. 5 572E--0 1 ?.. 4 9 4 E -01 2.14*4E--01 2. 1 81 8E--01 2. 2 06 6E--01
20 i. • / c -> / 1O u _v t k. 2. o » inr. n "i 2.3 193E-•02 2. 3 594E- 02 3 86 5E
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( b-, +b 2 ), for 3MeV Photons in Slabs of Tin
Fol 1 owed by Water
.
T IN-HMER, 3MEV»B 1 = 2
GRP B2 = 1 B2=2 B2=3 B2=4 B2=5
1 5. 0887 E--01 5.0 5 77 6--01 5.0 324E--01 5.03246--01 4. 9375E--01
2 4.9 361 E--0 1 4.90566--01 4 . p P 2 4 F --01 4. F F24F--01 4. 7 9 9 I E --CI
3 4.6 460 E--0 1 4. 6165E--01 4.59 73E--01 4. 5973F--01 4. 53 62E--01
4 4.3647F--OL 4.333" 1 --01 4.3 1 7 1E--01 4.3171E--01 4. 2 7 3 BE
•
-01
5 4 . 1 1 9 F --0 i 4 . 6 7 6 r --01 4.0 5 2 76--01 4.C52 7E--01 4. 02 4 BE
-
-01
6 3 . 8 6 1 3 E -01 3 . 8 2 1 8 F- -J 1 3.807 7E-01 3. PC77E--01 3. in be--01
7 3 . 6 4 4 6 E -0 1 3. 6001 E--('1 3.586th-01 3. 5 6 666--01 3. 5808E--01
8 3.4586E -01 3. 40 82 E-01 3.3 949E--CI 3. 3<54 9E--01 3. 3 9 6 3 E --01
9 3 . 3 1 9 E •-0 1 3 . 2 4 3 7 E --01 3.2287E-01 3.22 8 7E--01 3. 2 3 3 2 E --01
10 3. 1720F--0 I 3. 1 137E-- 1 3.0 9 86E-01 3.C5c36F-01 3. 10516--01
11 3; 8 30 E--0 1 3.023M ; --01 3.0C 7 8E-01 3 . C C 7 8E -01 3. 0148E--01
I? 3.0025E- -'J i 2.9473E-•01 2.9 3 26E--01 2.S326E-01 2. 94 04E--01
13 2. 8 489 E--01 2. 81 796--01 2.81 J 1 E
-
01 2.8131E--01 2. 82986--CI
14 2 . 4 7 4 F 0 1 2. 4 49 2 E--0 1 2 . 4 7 6 4 E -01 2.4 764E-•01 2. 52 2 8E--01
15 1.7 308E--0 1 1.8 866E--01 1 .946 c / r --01 l. 9 4 69E--01 2. Cl 3 JF--01
16 L.8505E -0 1 2. 16 56G--01 2.2 5566--CI 2.2556E--01 2. J3 76E--01
17 1. 9 560 6--01 2.42116--01 2.5 52 5E--01 2. 5 525E-01 2. 66 8 0E--01
IB 1.7618F--0 1 2.34 1 1 E--01 2 . 5 C 4 1 E -•01 2. 5C41E-01 2. 6397E--01
19 1.2181E--0 I 1.789 3E-01 I . 9 5 2 1 c - 01 1. 9 521E--01 2. 08036--01
20 1.2 949E--0 2 1.92 71E-02 2.1071E--02 2.1C71E--02 2. 24 8 36--02
T IN-WATFR, 3MEV»B 1 = 4
GRP, B2 = 1 B2 = 2 B2=3 82=4 8 2 =5
1 4 • 8 1 2 8 E -0 1 4 . 7 9 I 5 E --0 1 4.7 805E--01 4. 78C5E--01 4. 72C5E--01
2 4. 7099 E- 1 4. 6 8 32 E-01 4. 6 7 096 01 4.6 709E--01 4. 6175F--CI
3 4.5 14 5 t- -0 1 4.47 73E-01 4.4 62 76--Ci 4. 4 62 /6--01 4. 421 76--01
4 4. 3091E--0 1 4.2603: --OL 4 . 2 4 2 1 E -01 4 . 2 4 2 1 E --01 4. 2 9 1 E -01
5 4 . 1 . 3 3 f. --0 I 4.04326-01 4.0220F--01 4.C22CE--01 3. 9^)7CF--01
6 3 . 9 2 D E -0 I 3. 8 320 E--01 3 . 8 C 8 3 f " -01 3.8C8 3E-01 3. 789 9E--CI
7 3. 7065 E--0 1 3.6313E-01 3 . 6 C / 6 F -CI 3.6C 76E--01 3. 5965E--01
8 3.528 it--0 1 3 • 4 5 7 E - 01 3 . 4 2 8 1 E -01 3.42 r, 1 F -01 3. 42 32E--01
9 3.3671E--01 3.28 8 76--01 5.2 t 7 16--01 3 . 2 6 7 1 E --01 3. 2 65 81 --CI
10 3.21646--0 1 3. 15196--01 3.13611 •01 3. 13616-•01 3. 1 3S9F--01
11 3. 1039 E--0 1 3 . 5 3 9 E --01 3 . 4 3 1 F. --01 3.C431E--01 3. 05 04F--OL
12 3.0 38 6--0 I 2. 9 7 20 E--01 2.966 4 E •01 2.9664E--01 2. 9 7 6 3 1 --01
13 2.84671 •-0 1 2.8 4 74 6--0 1 2.8 525E--01 2.85256--01 2. 86 9 9F--CI
14 2 . 4 4 5 1 6 - 01 2.51026- 01 2.5 393E--01 2. 53936--01 2. •> /5 8F--oi
lb 1 . 7 8 3 7 E -01 L.9627E--01 2.0 206E--01 2.C2C6E--CI 2. 07 6F--01
16 1.8 7 30 6--0 1 2. 2 42 5 E--0 1 2.3387E-01 2. 338 7E--01 2. 403 9E--a
17 1.9943! -0 1 2. 52 7 5 E--01 2.6647E--01 2. £64 1E--01 2. 75 5 5E--oi
10 L.8029E--01 2.46001 -01 2.6 2 99E-01 2. 6 2 99E-01 2. 73 66F--01
19 I. 2507
F
-0 1 i . 8 9 3 7 E--01 2.0 649E-•0 1 2.C64 9E--01 2. 1 66 3E--01
20 1.3 30 4 6--02 2.04 1 6 F-02 2.2 309E-•02 2.2 3096--02 2. 342 9E--02
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Table C.74 Scattered Energy Flux Spectra, I s ( b, +b
2





), for 3MeV Photons in Slabs of Lead
Fol 1 owed by Water .
LEAD- WATER, 3MEv,B 1 = 1
GRP I 82= 1 B2=2 B2 = 3 B2=A 82=5
1 5. 2927E--01 5. 1809E-01 5.1424E-01 5. 0964E--01 5. 03 9] F -01
2 5. 1036E--0 I 5, 0079E-01 4.9748E--01 4. 9 34 7E--OL 4. 8 8 4 9F -01
3 4. 7443E--OL 4, 6 79 3E-0 1 4.65';4F--01 4. 6275F--01 4. 591 OF -01
4 4. 4068E--0 1 4. 3659E-01 4.3 508E--01 4. 3 31 CE--01 4. 3 06 91- -01
5 4. 1023 E--0 1 4. 779E-01 4.06 81E-•01 4. C554E--01 4. 04 09F -01
6 3. 8 346E--01 3. 8184E-•01 3.8108E--01 3. 8C32E--OL 3. 7960E -01
7 3. 6020E--0 1 J « 58 86E-01 3.58 1 5E--01 5 7 75E--01 3. 5762t -01
8 3. 4104E--0 1 3. 39 37E-•01 3.3 8 51E--01 3. 3832E--OL 3. 3 85 81 -OL
9 3. 2 634E--0 1 3. 23 30E-•01 3.2 188b-01 3. 216CE--OL 3. 22001 -01
10 3. 1571 C--0 1 3, 1 117E-0 1 3.0911E--01 3. C865E--OL 3. 0908E -01
11 3. 9 7 3 E --0 1 3. 03136-01 2.0C3 5 C -•01 7 5 966E--OL 3. C004F -01
12 3, 46 1 E--0 1 2. 9622E-•01 2.92 ,:>8F--01 922CF--01 2. 92 5 7(? -01
13 2. 8 944E--0 1 2. 82 42E-01 ? . 8 C 5 1 E -- 1 2. 8029F--01 2. 81161 -01
14 2. 3646E--0 1 2. 4082E-01 2.4392E-0 1 2. 4 670E--OL 2. 49 2 Bfc -01
15 1. 6104F--0 1 1 . 8101E-01 l .8909E--01 L. 94 7E--OL L. 97 80E -01
16 1. 7655 E--0 1 ?
.
0852E-•01 2.1S18F-•01 2. 2 51 8E--01 2. 295 7E -01
17 1. 8 342E--0 i ?052E-01 2.4 627E--01 9 5494E--CL 2. 6112! -01
18 1. 6 344E--0 1 2. 2076E-01 2.3999E--CI 2. 5C3 5E--01 c » 57 54!. -01
19 1. 1 175 E--OL 1. 66 8 1E- 01 1 .8 561c-•01 1. 9 54 7E--0) 2. 021 i\ -01
20 1. l 8 5 3 E--02 1. /9 39E- 2 2.0C15E--02 2. t 1 nil:.-02 2. 1 8 4 2 : 02
LEAD-WATER, 3MFV,B 1 = 2
RP. I B2= 1 B2=2 B2 = 3 B2 =4 B2=5
1 5. 2 646E--0 1 5. 1 V,86F- 01 5.0 3 J6E--01 5. C2 99F--0) 4. 9703E -01
2 5. 09 5 1 E--0 L 4, 9 7 72E- 01 4.9 26 8E-•01 4. e79CE--01 4. 82 6 01: -01
3 4. 7 7 30E--OL 4. ( 70 5E-0 1 4.6 2 87E--01 4. 5 92 JE-- L 4. 5 5 '. > F -01
4 4. 4 662E -0 L 4. 3748E-01 4.3? ;6F--01 4. 3 1 2 1 F --01 4. 2 85 6E -01
5 4. 18 4 4 L -0 1 4. )9HE-•01 4 . 6 9 1 E --01 4. C 4 9 1 F --01 4. 032 IF -01
6 3. 9 30 7E -0 1 *>* m 8 4 85E-01 3.8 203E-•01 3. 8C56E--01 3. 796 CE -01
7 3. 6940 E--OL 3. 6178E-OL 3.59 3 7E-- 1 1. 5F4 6F--OL 3. 531 6F -01
8 ?. 4 8 3 8 F --0 L 3. 4160E--01 3.3964E--0 1 3. 3 92 1F--01 3. J942F - L
9 3. 3 8 7 f- -0 1 3. 2 4 49F-- 1 3.2 2 69E--0 1 3. 224 ^ --01 3. 22 9=-<! -01
10 3. 15 3 11. -0 1 3. 1069E-•01 3 . 9 3 i E -01 3. C53-JL--01 3. 10021 -OL
11 3. 408 E -0 1 3. 0106E--01 3.GC02E- CI 3. CCL 7E--01 3. 009 3E -01
12 2. 9 396E--01 2. 9 2 83E--0 1 2.9 2 24E--01 2. 92 5 7F--01 2. 934 2 f -01
13 2. 7 628 t
-
-0 1 c. « 7 8 8 3 r --0 1 2.797&F-•01 2. 8C8 8E--01 2. 82 2 0L -01
14 2. 2 7 5')! -0 1 2. 39 74E-•0 1 2.4 4 99E--01 2. 4 8 3 9F--01 2. 5 1 1 2 F -oi
15 1. 5 7 58! -0 1 1 . C 2 2 1 --01 L.9 142F--01 1. 5 64i L--01 2. 0004E -01
16 1. 7 2 1} -0 1 2. 0909 E--01 2.2 L63E--01 2. 2 792E-•0 1 2. 32 1 7E -01
17 1 . 7 768 E--0 1 2. 32 31 1-0 1 2.5C01E--0 1 2. 5 E P L r --01 2. 64 6 r\. -01
IB 1. 5 8 7 2 F -0 I 2. 2 3 36E-0 1 2 . 4 /, :, 1 r --OL 2. 5 4 8 4 E --01 2. 6 1 5 3
1
-01
19 1. 8 78 fc -0 1 L. 69 55E--01 1 .8988E-•01 1. S S62F--OL 2. 05 8 71: - 1




LEAD-WATER, 3MEV,B 1 = 3
GRP B2= 1 02=2 B2=3 B2=A B2=5
1 5.2127F -0 1 5. 067 r^E--01 5.0029E--01 4. 9A7AE--01 A. 88Q°P--01
2 5 . D 6 1 5 E -01 A, 9?] 1E--01 4.8602F--01 4. 8 1 1 E --01 A. 7595E--01
3 4.7744E--01 A. 6A28E-01 ^.5G90E-01 A. 5492E--oi A. 51 1 9E--01
4 A . 4 9 6 '< E •-0 1 A. 3 70AE-01 A . 3 2 1 4 E --01 A. 2693E--01 A. 2621F -01
5 4. 2 365
E
-0 1 A . 1
1
32E--01 A. 6 75E--01 4. CA19E--01 A. 02 32E--01
6 3.9974E--0 1 3..87A3E-01 3.8 305E--01 3. ec9 ?E--01 3. 7976E--01
7 3.7586F--0 I 3. 6A6CE--01 3.6C8 7E-CI 3. 5 94AE--01 3. 5893E--01
3. 5 352 -01 3. 4 A ? E -01 3.4119E--CI 3. 4C43E--01 3. A 5 H --01
9 3.3A17C--0 1 3, 2624E-01 3.2406E--CI 3. 2374E-01 3. 2A1 7E--01
ID 3. 1531E -0 I 3. 1 1 19E-01 3.1C2AE--01 3. 1 C4 8E--01 3. 1123F--01
11 3.0093E--0 1 3. A 1 E - 01 3.0C49E--CI 3. C 1 14E--01 3. 02 1 OE
-
-01
12 2.88D7E--0 1 ?. 9 1 2 5 E --01 2.9237E--01 2. 9 34CE--01 2. 9A5AF--01
13 2.68 9 7 l : -0 1 2. 7701E--01 2.7 99 5E--01 2. e 185E--01 7. 8 3 4 6F--01
U 2.2252E -0 I 2. 39A6E-01 2.4 6 29E--CI 2. 5C19E--01 2. 52 9 8E--01
15 1. 5 533 E--0 1 1. 8319E--01 l.9 3'*7E--CI 1. 9873F--01 2. 02 1 H< -01
16 1.663? E -0 1 2. 0967E-01 2.2 382E--01 2. 3CA7E--01 2. 34AAL--01
17 1 • 7 4 1 E --0 1 2. 3 3 7 1 f- --01 2.5321F--01 2. 6233E-01 2. 6^99t--01
18 1 . 5 5 7 2 E --0 1 2. 2 fj 30 E-01 2.4 826E--CI 2. 5£83E--01 2. 65 3 0E--01
19 1 . 6 8 5 E --0 1 1. 7150E--01 1.9 3 36E--01 2. C327E-01 2. 092 3 E -ul
20 1 . 1 3 42 E -0 2 8 i 6 1E--02 2.0 8 7GE--02 2. IS5 9E--02 2. 2 6 i A E
I EAD-WATER, 3MEV,B l = A
GRP, B2 = 1 B?=-2 B2 = 3 B2=A B2=5
1 5. 1 32 4E--0 1 A. V ?56E-01 A. 90 fAE--Cl A. H538F--01 A. 00 06F -01
2 5.0000E--0 1 A. 846 5 E- 01 4.7 810E--01 A. 7 32CE--01 A. 84 9E -01
3 A.7509E--0 1 A. 60 1 1E-0 1 4.5A07E--01 A. 5C05E--01 A. A651E--01
A 4 . 5 4 2 E --0 1 A. 3560E-- 1 A.2982E--CI A. 2 63fct--01 A. 2367E -01
5 4. 2 68 7 E--0 1 A. 1200E- 01 4.0 6 3 8E--01 A. 03AIE--01 A. 01 A3E -01
6 4 . 4 7 5 E -0 1 3. 89' -0 1 3.6 A 10E--01 3. 61481 --01 3. 800AE--01
7 3 . 8 1 9 E -0 1 3. 6 7 3'. E--01 3.62 5AE--CI 3. (-C62E--01 3. 5986E -01
8 3. 5 793 E--0 1 3. A661E- 01 3 . A 3 1 E --CI 3. Al 9CE--01 3. A178E -01
9 3. 3749F--0 1 3. 20A1E--0 1 3 . 2 '. :. 1 E --CI 3. 2 52 9E--01 3. 2 5 5 8 F -oi
10 3,1619 i -01 3. 12 39E--0 1 3 . 1 1 6 1 E --01 i 1 1 9 1 1 --01 3. 12 6 31 -01
11 2 . 9 9 6 9 E -0 1 3. 00 7 3E--01 3.01 5CE--CI 3. C2A 3b--01 3. C3A7E--01
12 2 . 8 4 9 4 E -0 1 2. 90 8 3F-01 2.9 306E--01 2. ^A56E--01 2. 95 8 5F -01
13 2 . 6 A 8 2 E -0 1 2. 76 3AE--01 2.8065E--01 2. 8 31 0E--01 2. 8A9 0E--01
1A 2.19741 -0 I 2. 39 78 E--0 1 2.4 7 7 9E-•01 2. 5 2C6E--01 2. 5A91L--01
15 1.540 2E--0 1 1. 8A2AF--01 1.95A1E--01 2. C C8 6F--01 2. CA2AE--01
16 1.640 2E -0 1 2. 10A7E--01 7 . 7 5 9 3 ,: --0 1 2. 3 2 9 1 E --01 2. 3 7 J
1
-01
17 I. 7 200 -0 1 2. 3 5 1 6 E --01 2. r>6) 7E--01 2. (. 5 (, 1 E --01 2. 7116E--01
18 1.5 398
!
-0 I 2. 27 10F--01 2 . 5 1 6 4 ! --01 2. 6 2 52E--01 2. 6 8 82E--01
19 U0 57AE -0 1 1. 7 322E--0 1 1.96AAE-CI 2. C65BF--01 2. 1.2 3 8E--01
20 1. 1226E--0? 1. 8652E--02 2.12C8E--02 2. 2322F--02 2. 2'^57E--02
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Table C. 74 Continued
LEAD-VMTFR, 3MEV.B 1 = 5
GRP. B2 = 1 B2-2 B2=3 B2=4 82=5
1 5.0326E--0 1 4..87C0E--01 4.8 012E--01 A. 751CE--01 4. 71 1 3E--01
2 4. 9 216 E--0 1 't. , 7596E-•01 4.6926E--01 4. 6 4 6 1 E --01 A. 6 1 03 fc -01
3 A . 7 1 7 t; -0 I 4. 5499E--0 1 4.4862E--01 4. 4 469E-01 A. 4184E--01
4 4.4972E--0 1 4, 3 345E- 01 A . 2 7 1 I E --01 4. 2 35 5E--01 4. 2 1 1 5 E -01
5 4.2884E--0 I A. 12 22E-01 4.0 563E--01 A. C25 8E--01 A. 005 6E
-
-01
6 4.0874E--0 1 3. 9168C--01 3.8515E--LI 3. 6 2C9E-01 3. B03 6E--01
7 3.8562L--0 1 3. 700 3E-01 3.64 3? r:--CI 3. 6196E--01 3. 6086F--CI
8 3. 6 20 3 f-.--0 1 3. A9 31E--01 3.4 50 3E--CI 3. 4 35 6E--01 3. 431 IE -01
9 3.4075E--0 1 3. , 3087E--01 3.2 7 83E--01 3. 2705E--01 3. 2 7 06E--01
10 3. 1776F--0 1 3. , 140 5 E-0 1 3.1 330E--01 3. 1 3b5E--01 3. 14 09E •-01
n 2. 9966 E--0 1 3.,01691 -01 3.0288E--01 3. C3 96E--01 3. 04 87E--01
12 2. 8 347 E--01 2. , 9 1 1 5 L --01 2. 9 A 16E--01 2. S597E--01 2. 972 OE--01
13 2.625'tF--0 1 2. 7642E--01 2.8 1 74E--01 2. e45 7E--01 2. 5 * 5 E -01
u 2. 1830E--0 I 2.,4054E--01 2 . 4 9 A 4 E --01 2. 54C2E--01 2. 56 75F--01
15 1.5341E--0 1 1. 8 5 3'!! -01 I . 9 7 3 IE --01 2. C 2 9 4 E --01 2. 061 6E--01
16 1.6272E--01 2. 1 148E--01 2.26U2F--CI 2. 3 53CE--01 2. 3T2 7F -ul
17 1 . 7086 E--01 2. 3673E--01 2.5899E--01 2. 6877E--01 2. 74 09E--01
IB 1.5 30 4E--0 1 2. , 2 8 9 3 E -•01 2.5432F--CI 2. 6 6C2E-01 2. 72C6E--01
19 1.0516E -01 1, , 74 8 8E--01 1.9 928E--CI 2. C9 7CE-01 2. I 5 2 5 E -01
20 1. 1 166E--02 i^ t 2 2 3 5 1 •-02 2.1519E--02 2. 2 6 6 3 E --02 2, 32 72E--02
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Table C.75 Scattered Energy Flux Spectra, I ( b, +t>
2





) , for 3MeV Photons in Slabs of Tin
Followed by Aluminum.
TIN-ALUM ., 3MEV.8 1=2
GRP, B2= I B2=2 B2=3 B2=4 B2=5
1 5. 609 E--0 1 5,.C050E- 01 4.9 509E--Cl 4. ^ 5C9F--01 4. 8054F--01
2 4.9169E--0 1 4, 8 6 7 F -•01 4.8203F--CI 4. e2C3F--01 4. 6956F--01
3 4.6431 E--01 4.. 60 48E--01 4.5 722E--01 4. 5 722E--01 4. 4 86 8F--01
4 4. 3 7 5 OF--0 1 4,. 34^8 8-0 1 4.3214E--01 4. 321M --01 4. 2 663F -01
5 4. 1225E--0 1 4 ,.09 3 8F-0 1 4.0783E--CI 4. C783F--01 4. C4 6 9* •-01
6 3. 8896 E--0 1 3,.86C0F-01 3.8487E--01 3. e48 7L--03 3. (H4 6F--01
7 3.6812E--0 1 I ,. 6506F-•0 1 2.6429E-•CI 3. 6 42^8--01 3. 6437F--01
8 3.5008F--0 1 3,. 46 6 8F-•01 3.4 609E-01 3. 4 6C9L--01 3. 4 71 «F--01
9 3.3484E--0 1 3,. 30 7 8E-0 1 3.3C12E--CI 3. 3C12F--01 3. 31 7 0F--01
10 3.2190E--0 1 . 1 7 7 3 E - 01 3.1 70 8E--01 3. 170 8E--01 3. 1 8 9 3 F --01
11 3 . 1 2 5 5 E --0 1 3,,0824E-01 3.0 7 ^?f--01 3. C752F--01 3. 0946E--01
12 3 . 4 1 6 E --0 I 3,.0026E-0! 2.996 8E--CI 2. c- 96 8E--01 3. 01 75f •-01
13 2 . 8 8 1 2 E --0 1 2,.8666E-0 1 2. 8 71 3F-•CI 2. 871 3E--01 2. 902CF--01
14 2. 4242 E--01 2.. 4 8 2 I F -01 ?.. 5 193E--01 2. 5 19 3F--01 2. 57 9SF -CI
15 1 . 7 3 5 1 E -0 I 1 ,• 90 66E-01 1.9764E-•01 1 . 5 764F--01 2. 0558F--01
16 i . 7 3 3 E --0 1 1 ,. 9 8 44F-0 1 2.068CE-•CI 2. ceecE--01 2. 1^94F--01
17 L.3928E--0 1 1.,6778 E
-
oi 1 . 7 fc 8 E - 1 1. 7 6CHE--01 1. 84 05F--01
18 8.2552E--02 1 ,.0 202E-01 1 . 7 5 7 F -•CI 1 . C7 5 /! --01 i. 12 ?9F--01
19 1.5145F--0 2 1, , 6 8 P. 2 L -02 1.9 9 4CE-02 1. (. 5 4CF--02 2. 092 81 -o2
2D 1 . 2 4 3 9 E --J M 1..5477E-04 1.6 339E- p / 1. 6339C--04 1 . U'-JL'-04
T IN-Al UM ., 3MEV,L 1 1 = 4
GRP. B2 = I B2=^2 B2=3 8 2=4 B2=5
1 4 . 7 8 1 7 F -0 1 4 ,.7 26 8E-0 1 4.684CE- 01 4. £84CE--01 4. 5683F--01
2 4. 68 78 E--0 1 4,.6 360E-01 4.59 58F-CI 4. 5 55 8F--01 4. 4962F--01
3 4.509 3F--0 1 4 .. 4 5 9 6 E -0 1 4.4283E--01 4. 4 2 83E--01 4. 35 93E--01
4 4 . 3 1 8 2 E -0 1 4..2670E-01 4 .240?! -CI 4. 2 4Cf ; F--01 4. 193 3L--01
5 4. 1238 E--0 1 4,.0 68 7E- 01 4.04 55E--01 4. C455F--01 4. 01 521 --ol
6 3.9 313 E--0 1 3,.8715E--01 3.8 5CCE--C) 8 5CCF--01 3. 8 3 2 4 \ -01
7 3.7450 b--01 3, 6 8 5 2 1- --01 3.6 6 74E-- C I 3. 6 6 74F--01 3. 662 4 E
-
-01
8 3. 5 73 IE -0 1 3,. 5141 E- 01 3 . 4 9 9 6 F --01 3. 4 C. 9t.E--01 3. 504 IE--CI
9 3 . 4 1 6 r> E -0 1 3 . 3586F--01 3 . 3 4 6 3 E --Ci 3. 3 4 6 ', F --01 3. 3 5 66F -01
10 3. 2 650 E--0 1 > . 2 2 12F-01 3.2 1 C>?F--CI 3. 2153E--01 3. 2318! - 1
11 3 . 1 4 8 2 fc -0 1 3.. 1 1 8 2 F --01 ?.) i 7 S F --CI 3. 1 175E--01 3. 1 3 8 1 F -01
12 3 . 44 3 E -oi 3.„0327F--01 3.0 3 7 7F--01 3. C377F--01 3. 0616E--oi
13 2.8 80 3 E--0 1 2.. 9 1 6 E --0 1 2.9 18 2E-CI 2. S182E--01 95C r-F--01
14 2 . 4 6 2 9 E •-0 1 2.. 5480 E-•01 2.5891F--CI 2. 5 £ 9 I F --01 2. 64 09E--01
15 I. 7 876 E--0 1 1, 9H56F--oi 2.0562F--CI 2. C5 52E--01 2. 1
1
9CF--01
16 1.7214E -0 1 2,.05 30E--01 2. 14 42E- 01 2. 1 442F--01 2. 2130F -01
17 1.4 1 65 t -0 1 1 . 7 A 89 F--0 1 1.8342E--0 1 1. 6 342E--01 1. 9005F--01
18 8.4 121 E -0 2 1 . o 6 4 1. e --01 1.12 32E--01 1. 1232E--01 1. L664E--0-1
19 1 . 5 4 4 2 E -0? 1,>9 721E--o? ? . 8 3 7 E --02 2. C83 JF--02 2. 165 21 -02
20 1 . 2 6 B 1 c- -0 4 1 .6162E-•04 1.7072F--04 1. 7C72F--04 1 . 7 716F--04
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), for 3MeV Photons in Slabs of Lead
Followed by Aluminum.
LEAD-ALUM ., 3V.EV,B 1 = 2 -
G«P. B2 = 1 82=2 B2 = 3 B2=A 8 2=5
1 5.2 387 6 -0 1 5.0895E-01 5.0 06 8E--Cl 5. C C6 8E--01 4. 8434E--01
2 5.D777F--0 1 4 . 9 4 1 8 E -01 4.86 88E--CI 4. 8 688E--01 A. 72 7 8E--01
3 4.7719E--01 4 . 6 6 1 1 E -01 4.6066E--01 4. 6 066E--01 A. 5082E--01
4 4 . 4 7 8 I E --0 1 4. 3964 E-•01 4.3 4 57E--01 4. 34 5 7E-•01 4. 2 f9 9E--01
5 4.2062F--0 I 4. 1270E-•01 4.0958E--CI A. C55 8E--ot A. 055 2E
-
-01
6 3.9600E--0 1 3.08711--01 3.8618E--CI 3. 8 61 8E--01 3. 83 92E--01
7 3.7308F--0 1 3.6680E-0 1 3.64 9 8 E
-
-CI 3. 6 4 986--01 3. 6AA2E--01
B 3.52521--0 1 3.47 34E--01 3.4 6 1 5E--01 3. 4 6 1 5E -01 3. 46 8 8E--01
9 3.3533C -0 I 3.3071E-01 3.25 ?HE--CI 257PE-01 3. 3119E--01
10 3. 1958E--0 1 3.16 7 6 L-
-
•01 3.16 34E--01 3. 1634E--01 3. 182 8E--01
11 3.0782E--0 1 3,0660^--01 3.0651E--01 3. C 6 5 1 E --01 3. 08 72E--01
12 2* 9 72 IE -0 1 2.9 79 3 E--01 2.9835E--CI 2. 9 83 5E-01 3. 0093E--01
13 2 . 7 8 7 4 E -0 1 2.8 3 20E-01 2.85 22E--CI 5 8 lj?2E--01 2. 891 8E--01
14 2 . 2 8 4 5 E --0 1 2.4247E-01 2.48 876--CI 2. 4 887E-01 2. 5658E--01
15 1 . 5 7 3 4 E --0 I 1 .8 367E-•01 1.9398E--01 1. S39 0E--01 2. 04 02E--01
16 1 . 5 6 4 3 E --01 1.9143E-01 2 . 3 6 E -01 2. C3 06E*-01 2. 1336E--01
17 1.2664E--0 1 1.61 14E-01 1.7252E--CI L. 7252E--01 1. 82 55E--01
10 7. 4 707 E--0 2 9 . 7 7 5 8 E -02 l . 5 2 7 E -01 1. C-52 6--01 1. 1 182F--01
19 1.3681L---0 2 I. 80 7 8 E-•02 1 . 9 5 6 E --C2 1. S506E--02 2. 07A5E--02
20 l. 1241E -04 1 /, U ') ' ! _•04 1.5934E--04 1. U O O / f. .. 04 i / ex f\ f. I l> f.
I FAD- ALUM . t 3MEVtB 1 = 4
GRP, B2=i 8 2=2 B2 = 3 B2 = 4 82=5
1 5. 1023F--01 A. 9 1 66E--01 4.8 16 6::- 01 4. 8166E--01 A. 6559F -01
2 4.9800F--o i A. 8O20E-01 4.7112E--01 4. 7 \ 126--01 A. 570AE--01
3 A.7A76E--01 4. 586 7E-•01 4.510 7E--CI 4. 51C7E--01 4. A079F--01
A 4.5 154 6--01 A . 36 5 56- 01 4. 3C03E--01 4. 3C03E--01 4. 22A6E--01
5 4.2913E--0 1 A. 1478 6-01 4.0 8 986-01 4. C898E--01 A. C3A8E--01
6 4 i 7 8 8 E --0 1 3. 9382E-01 3.8 8456--01 3. £ E4 5E--01 3. 84 A 2 E --01
7 3.B506E-0 I 3. 7280E--01 3.6 8 5 76--01 3. 6 85 7E--01 3. 6645E -01
8 3. 6 2 36 E--0 I 3. 52 83E--01 3.5C0AE--01 3. 5C0AE--01 3. 49 74E--01
9 3 . 4 2 I D E -0 1 3. 3 5 1 2 1-•01 3.3 3481 -01 3. 3 3A8E--01 3. J A 4 2 F --01
10 3.205 E
-
-0 1 3. 1C81E- • 1 3.191 3E--01 3. 1 51 36--01 3. 21 51F--01
11 3. 330 E--0 1 3. 06491 --01 3.08A3E--CI 3. C8A3C--01 3. 11876--01
12 2.8791E--0 1 2. 96C6E--01 2.9 9 5 fE--01 2. 5 95 7E--01 3. 3 97E--01
13 2.6694 L -0 1 2. 80 78E-01 2.8650E--01 2. 6 65CE--01 2. r)/'» n -01
14 2. 20 36 E--u 1 2. 4 2 5 6 E - 1 2.5 202E--01 2. 5 2 C 2 F --01 2. 6096E -01
15 1 . 5 3 5 7 E •-0 1 1. 6 5 696--01 1.9822E--CI 1. 9 62 2E--01 2. 0868E -01
16 1 . 5 4 1 E --01 1. 9239L--0 1 2.068 8 E -01 2. 068 PE--01 2. 1800f -01
17 1 . 2 2 2 3 E -0 I 1« 6 26 If --01 1 .76 39E--Ci 1. 763 9E--01 1. 86 97E--01
18 7.2 194f -0 2 9. 8 8 3 3 >: --02 1.0 78 2E--01 1. C 7 8 2 F --01 1. 14 66E--01
19 1.3 225E -02 1 . 828 7E--02 L.999CE--02 1. 5S9CF--02 2. 12 8 1?- -02
20 1.0 865E -0 4 1. 499 1E-04 1.6 380E--04 1. 6 3 8CE--04 1. 74 3 3E--04
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2 ), for 3MeV Photons in Slabs of Water
Fol 1 owed by Iron.
WATFR- IRON, 3MEV,0 1 = 1
GRP B2 = 1 f3 2=2 82 = 3 B2=4 B2=5
I 5. 1926E -0 1 3. I 3 4 5 E • 00 4 .9 608E--CI 4. 854 3F-01 4. 72 54F -01
2 5 . 3 3 1 1 E -0 L 2. 14 49E 00 4 . 8 4 35E-01 4. 753°F--01 4. 64 4 9E -01
3 4. 724 I E--0 1 2. 64 74E--01 L .62 06E--CI 4. 5629E--01 4. 491 9F -01
4 4,4281 E--0 1 2. 6 3 9 8 E --01 4 .3916E-01 4. 3 59CE--01 4. 31 7 8C -01
5 4. 1543E--0 1 2. 49 2 3E--01 4 .1672F--CI 4. 1531E--01 4. 134 9E -01
6 3.9072E--0 1 2. 3 529E-01 -j .951 2E-01 3. 9 503E--01 3. 94 8 6E -01
7 3 . 6 9 5 2 E -U 1 2. 2 2 2 8 E --01 -\ . 7 5 6 8 E --CI -3. 766 H --01 3. 77 7 9
1
-01
8 3.5221F--0 1 2. 1079E--0 1 3 .5 874E--01 3. 6C4 6E--01 3. 62 4 3E -01
9 3. 38 34 E--0 1 2. 0102E--01 } .433CE--01 3. 4 51 6E--01 3. 475 4E -01
10 3 • 2 8 9 E--n i L. 92 50E--01 3 .293 1E--01 3. 3 14 8E-01 3. 33 HF -01
11 3 . 2 2 3 F --01 1. 8 536E--01 -> . 2 C 2 1 E --CI 3. 2156E--0) 3. 24C0E -01
12 3. 1 599 E--0 L 1 . 8 4 E --0 1 3 .1 104E--01 3. 123CE--01 3. 14 7' E -01
13 2 . 9 9 1 3 E -0 1 1. 75 58E--01 2 .9507E--01 -> 9 6 95E-01. 2. 99 84E -01
14 2 . 4 5 7 D I -0 1 1. 6 6 1 4 i: --01 2 . 52 34E--01 2. 5 6 3 1 E
-
-OJ 2 • 5054 E -01
15 1.6053E--01 1. 3997E--CI 1 .71996--01 1 . 761 6E--01 1. 7990E -01
16 8.4 363 E--0 2 1. 88 16E--0 1 8 .5505E--02 C. 6 73 5E--02 8. 8001 F -02
17 9.4 73 2 E--0 3 2. 3749 E-01 9 .6 768E--C3 9. 6 2 7CE-03 9. > 7 B 6 [ -0 3
18 9 . 4 8 1 3 E--0 4 J a ' ' 6 1 ! -03 9 . 6 8 1 4 E --04 9. 6 3C4E--04 9. 981 1 F -04
19 1 . 5 7 1 a E --0 5 5. 3697E--04 1 .6C36F-05 1 . 6 26 3E--05 1. 65 1 7E -05
?0 1.6603E--08 3 > 8 > 1 2 E --06 4 > 5 C 9 2 E -02 4 2 84E- 662 71
WATER- l.'iDN, 3MEV,B 1=2
GRP. R2 = I [32-2 B2=3 82=4 132=6
1 5. 1677 E -0! 5. 0216E-01 4 .90356--01 4. 7 624E--01 4. 6244F -01
2 5.0 154 E--0 1 4. 894 IE-01 4 .7 94 3E-CI 4. 6 7 526--01 4. 5 5 8 3 E -01.
3 4 . 7 2 6 2 E -0 1 4. 6 b 18E--01 4 .58706-01 4. 5C946--ol 4. 4327T -01
4 4 . 4 4 4 1 E -0 1 4. 40 76E--0 1 4 . 3 7 6 E --01 4. 3 25 96--01 4. 2 3C l it -01
5 4.1795
E
-0 1 4. 17206-01 4 .15586-CI 4
.
l 3 6 3!---01 4. 1 16 OF -01
6 3 . 9 3 6 3 F -0 1 3. 948 5 E--01 3 .94 73E--01 3. 94 6CE--01 3. 943 6E -01
7 3.72271 -0 1 3. 7485F--01 3 . 7 605E-01 1. 7 7 3CE--01 3. 7 84 6F -01
8 3.5418 E -0 1 3. 5 7 5 4 I. --01 > .596 2E--01 3. 6 183E--01 3. 63 98E -a
9 3.38 6 5 E -0 1 3. 4 192E--01 7 .4 42 5E- 01 3. 4 6 9CE--01 3. 49551 -01
10 3.26061 -01 3. 2 8 46E--01 3 . 30 5 ^! : --01 3. 3326P--01 3. 36 > -01
11 3.1733 -0 1 3. 18 87E-01 j .2059E--CI 3. 23 36F--01 3. 2 62 4F -01
12 3 . 9 u 2 (. -01 i, 976E--01 3 .11 *46--01 3. 140 ?E--01 3. 1 7 r < F -01
13 2.92701 -0 1 2. 9 388! -01 2 .9602E--01 2. c f;l 6E--01 3. 02 4 5F -01
14 2. 4 73 2 -0 1 2. 51 M i --01 2 . 5 557E--01 2. 5S96F--01 2. 64 8F -01
15 1.6772 -0 1 1. 7157E-•01 1 .7 565E--01 1. 7952F--01 1. 82 96E -01
16 8.6 160 -02 8 . 5 31 7E-02 8 t 6 4 8 7 E --02 8. 781 1L--02 n 9 0621 -02
17 9. 6 7681: -0 3 9. 6 i38E--03 9 . 7 9 i J\ -•03 9. 9 5 7CF-03 1. 01 061 -{)?
18 9. 6 84 8
F
-04 9 . 658 3E-• 4 9 .8C20E- 04 9. 5 5 94F-04 1. 0107! -03
19 1.605 5 l_ -0 5 1 . 58641 -•05 1 .62216-05 I. 6 4 8CE--05 1. 6 7 3/1 -1,6
20 2 . 3 2 4 6 E -08 2. 79 54E--08 1 .7 7 7 9E--OH 3. 8502F--0 8 4. 9444F -08

240
Table C. 7 7 Continued
WATER- I«:)N f 3MEV f B 1 = 3
GRP, [>?--
1
B2=2 B2 = 3 B2=4 B2=5
1 5. 1 39 9 E--0 1 4. 9624E-•01 4.8270E-01 4. 6 74 9E--01 4. 531 5E -01
7 4 . 9 9 3 E --0 1 4. 8'. 36 E-0 1 4.7286F-01 4. 5 $9 fit --01 4. 4785b -01
3 4. 7139 E--0 1 4. 6178C--01 4.54 16E--01 4. 4572E--01 4. 37 77E--01
4 4. 4 399 E--0 1 4. 38 71E-•0 1 4.342 IE--01 4. 2 92 9E--01 4. 2463E -Gl
5 4 . 1 8 1 1 E --01 4. 1673E-01 4.14 09E-01 4. 1 19CE-01 4. 09 81 E -01
6 3.9 4 1 1 E--0 1 3. 9468E-•0 1 3 . 9 45 1 E -•Gl 3. 9 4 1 1 E --01 3. 93 901 -01
7 3.7 707 c--01 3. 7 529E-•01 3 . 7 6 5 1 E -CI 3. 7 7 86E--01 3. 791 IE -01
8 3. 5464 E--01 3. 58 35E-•01 3 . 6 C 7 1 E --01 3. 6315E--01 3. 654 3 b -01
9 3 . 3 8 5 8 E •-0 1 3. 4275E- 01 3 . 4 5 6 r> [-•CI 5. 4 8641 --01 3. 5 1 4 e f -01
10 3 . 2 5 2 I E --0 1 3. 29 10E-01 3.32C0E--01 3. 351 Tt--01 3. 3827E -01
11 3.1573E--0 1 3. 1929F-01 3 . 2 2 1 E -01 3. 2527F--01 3. 284 51 -01
17 3. 69 Of- --01 3. 10 101:- 1 3.12 781 --CI 3. 1 6C7E--01 3. 1 9 3 2 E •-01
13 2 . 9 1 4 7 E --0 1 2, 9 4 8 5 E -01 2.9789E-01 3. C148F--01 3. 0494E -01
14 2. 4969 E--0 1 2. 54 53E-01 2.5 8 79E-01 7. 6317E--01 7. 671 7E -01
10 1.7245E--0 1 1 . 75 16E-•01 1.7872E--01 1. 8232E--01 1. 85 5 3E--01
16 8. 7549 E--02 8. 6 \ 1 E -•02 8.745CE--C2 e. e?7CE--07 8. 99 93E -07
17 9 . 8 3 7 8 E --0 3 9. 7 760E-03 9.9 153E-03 i. CC72E--07 1. 02 16b--02
18 9 . 8 A 4 4 E -0 4 9. V f92E-•04 9.9 178E--04 i. CC73!---03 1. 07 1 n- -03
19 1 . 6 3 1 5 f -0 5 1. 6 876E-•05 l .6410E--05 l. t 666E--05 1. 6844 E -05
20 7.6 44 1 E--0 8 4 a 8092E-08 \ .7 765b--08 5. 1 ~i -\ f c~ -on 5. -i » -> Tf r- " WO
WATER- IRD'sl, 3MEViR 1 = 4
GRP. B2= 1 8 2 = 7 B 2 = 3 B2=4 B2=5
1 5.0961E--oi 4. 9 7 8 E
-
-01 4.7497b--01 4.5 91CE--01 4. 444 5b--01
2 4 . 9 5 5 4 E --0 1 4. 79 20E-01 4.6620E-CI 4. 52 76E--01 4. 403 7b--01
3 4 . 6 8 8 2 E--0 l 4. 5015b-01 4 . 4 9 5 3 E-•01 4.4C77E--01 4. 32 61 E--01
4 4. 4 240 E--0 1 4. 36 34E-0 1 4.3 126b--01 4.2 612E--01 4. 71 3 8E--01
5 4. 1731 E--.) 1 4. 1 4 9 2 E --01 4.12 54E--01 4. 1C2 7E--01 4. Ofil H--01
6 3. 9 388 E--0 1 3. 9 4 2 1 L -01 3.9 3 86E-01 3.536PE-01 3. 91 81b--01
7 3. 7 309 E--01 3. 7 5 57E--0 1 3 . 7 6 9 7 E --01 3. 7 643E--01 3. 79 78b--Oi
8 3 . 5 5 1 2 E --01 3. 5 9 1 6 E - 01 3.6186E--01 3. 6 446E--01 3. 66 8 3b--oi
9 3 « 3 9 4 E --0 1 3. 4 3 8 1 I --01 3 . 4 7 1 6 E --01 3. 5C3 7b--01 3. 5 3 31b--CI
10 3 . 2 5 4 8 E -01 3. 30 20E-01 3. 3 367F--01 3.3 709E--01 3. 4 02 5b--01
11 3 . 1 5 7 1 E --0 1 3. 70 3 ?E- 01 3.2 3 7 3 F --01 3.2 72 7E--01 3. 3 05 8b--01
12 3. 0684 E--0 1 3. 1116E--01 3.14 54E--01 3. 1 812E--01 3. 2140b--01
13 2.9205b--0 1 7. 9 6 3 4 E --01 2 . 9 9 9 4 E -01 3.037AE--01 3. 072 9E--01
14 2 . 5 2 5 E -0 1 2. 57 37E--01 2.6 1 72E-01 2.6607b--01 2. 6995b--ul
15 1.7 60 3E--0 I 1 . 7 802E-01 1 .8 131E--0 1 1.8 4 7CE--01 1. 87 76E--01
16 8,8 7361 -0 2 8. 7187E--07 8 . 8 3 2 6 E --02 8.9 62 5E--02 9. 087 PA --07
17 9.974
M
-0 3 9. 3824E-•03 1.0C2CE-02 l.Cl 73E--02 1. C3 14E--07
18 9 . 9 8 5 E -0 > 9. 8 8 4 7 E-04 1.0C22E --0 3 I.C175E--03 1. 031 5b -03
19 I. 6 539 E--OS 1. 7147E-05 1.6 58 1E-•05 1 . 6 872E--05 1 . I 3 4 4 b --05
20 2.48 2 5 E
-
-08 4. 7203E--08 2. 1 3 66E--08 4.6683b--C3 5. 64 8 7b--08

Table C.77. Continued
WATER- IRDNI, 3MEV,B 1 = 5
241
GRP B2 = I B2=2 82=3 82=4 B2=5
1 5.0375E--01 4, 8318E-01 4.6692E-01 4. 5C53E--01 4. 3 644 E--01
2 4. 9 049 E--0 I 4. 7308E- 01 4.592 8E-01 4. 4 541E--01 4. 3 *49E--01
3 4.6 530 E--0 1 4, 538Hf-•01 4.44 7 5 E
-
-CI 4. 3 5 7CE--01 4. 2 788E--01
4 4 . 4 1 5 E --Oi 4. 3 36 1 E-01 4.2 82 5E--01 4. 2 298E --01 4. 184 0E--01
5 4. L611E--0 1 <t
.
1349E-01 4 . 1 1 1 E --01 4. C 87 5E--01 4. C66 8E--01
6 3 . 9 3 5 1 E --o I 3. 9 3 7 9 E- 01 3.9 3VXJE--CI J. 9 34CE--01 3. 9 H 8 E -01
7 '3.73371- -0 1 3. 7599E-01 3.7754 E -01 3. 7 9). 3E--01 3. 803 7E--01
8 3.5535E--0 1 3. 60 19E-01 3.6309E--01 3. 6 58 fU--01 3. 6 8 1 4 E --01
J 3 . 3 9 9 6 E --0 1 3. 4515E-01 3.4873E--01 3. 521 8E--01 3. 5502E--01
10 3.2644E--0 1 3. 3169E- 01 3.3 54 7E--CI 3. 3 90 8E--01 3. 4214E--01
11 3. 1662E--0 1 3. 2186E-01 3.2 562E-- C 1 3. 2 939E--01 3. 32 56E--01
12 3.D776E--0 1 3. 127 3E-01 3.1647E--CI 3. 1 <; 7 ?F--01 3. 2 3 5 1 E --01
13 2.9 342 E--0 1 2. 9821E-01 3.0 2 09E-01 3. C t 6 L -01 3. C944E--01
14 2.5 529 E--0 1 2. 60 16E- 0] 2.6 446E--CI 2. 6 877E--01 2. 72 41 E- -01
15 1.7905E--0 1 1, 8055E- 01 1 . 8 ? 6 2 E -01 1. E68 9E--01 1. 8 9 7 C E -01
16 8.9!) 14 E--0 2 8. 8039E-02 8.91SC---02 9. C4 5CE--02 9. 1 5 6 9E--02
17 1.0 099E--0 2 9. 9844E- 03 I. 01 18E--02 1. C 2 7 1 E --02 1. 0402 E--02
18 1.0 104E--0 3 9, )8 14E-04 L.012CF--03 1. C 2 7 1 E --03 1. 04 02E--03
19 1.6 716 E--0 5 1 . 82C0E-•05 1 .6 8 52C- -05 1. 7 6 7 /: : --05 2. 3 5 2 2 E • -05
20 2 . 6 4 3 9 F --0 8 < • 97 17E-08 4.6 7 54E-- 8 5. 4 1 4 C F --C8 5^ 99 7 9J --08

242





( b-j +b 2 ), for 3MeV Photons in Slabs of Lead
Fol 1 owed by Iron.
LEAD- lR3M t 3MFV t B 1 = 1
GRP B2= 1 82=2 82 = 3 8 2=4 82=5
1 5 . 2 6 7 7 L -01 5.102 7E- 1 4.9 9 3 9E--01 4. 878SE--01 4. 7564E -01
2 5.09871 -0 1 4 . 9 6 1 9 E - 01 4.8 717E--CI 4. 7 752E--01 4. 6 7 1 5 E -01
3 4. 7 776
E
-0 1 4. 69 4 3 E-01 4.6 3 97E--01 4. 5 7 8CE--01 4. 61 CM: -01
4 4 . 4 7 o 4 r; -0 1 4.43031 -01 4.4C3 7E-•01 4. 3 69 3E-•01 4. 32 97E--01
5 4. 1893E -0 1 4.1b 13E- I 4 .17 S 8 [ --CI 4. 1 5 96E--01 4. 141 5E--01
6 3.9302b -0 1 3.9502F-01 3.9 548E--CI 3. 9 541E--01 3. ii 5 1 2 E -01
7 3.7 20 6:: -0 1 3.74 5 4 t: -01 3.7 58 1E--CI 3. 767 7E-01 3. 7 769E--01
8 3 . 5 4 1 2 E -0 1 3.5703E-•01 3.5 867E--CI 3. 6C2 8E-01 3. 62 05b--01
9 3 . 4 1 2 E -0 1 3.4 193E-01 3.4 316E--CI 3. 44 ^oe--01 3. 4 700E--01
10 3. 2904 E--0 1 3.29 1 2E- 01 3.2958E--01 3. 3 109E--01 3. 3 32 8E -01
1 1 3. 2247 -0 1 3.202 1E- 01 3.1984E--01 3. 2 1 1 1E--01 3. 233CE -01
12 3. 1 5921 -01 3 . 1 1 5 1 E - 01 3.1 05 7E--01 3. 1 178E--01 3. 14 02E--01
13 2.9734E -01 2. 9 39 4 E- 01 2.9 4 1 5E-01 2. 9 61 6E-01 2. 9 3 9 3b -01
14 2 . 3 7 3 7 E -0 1 2.44 8 ') F - 01 2.5018E-CI 2. 5 4 89E-01 2. 592 3
E
-01
15 1 . 4 4 1 3 E -0 1 1.6 201E- 01 l . 6 9 6 3 E --01 1. 7 4 7CE-01 1. 7874E--01
16 7. 6455 -0 2 8. 2 604 E- 2 8 . 4 7 4 1 E --02 8. 6 26 7E-02 8. 7601E--02
17 8.6319 -0 3 9.3262E- i 9.5 857E--CM 9. 7 7 7l--03 9. 931 GE--03
18 8. 6440 E--04 9 . ? 3 3 / r - 4 9.5903E--04 9. 7 74.J b--04 9. 93 3 5F -04
19 1.4312E -0 5 1 . 5 4 5 6 E - 5 1.5 8 76E--C5 1. 6 176E-05 1. 64 3 7t -05
?0 I. 5 255 - R 1 . 6 4 7 4 i: - 08 1.A939E- cr ii * 7 /. L ' i - r o 4 1 5 1 1 • 1 * P
LEAD- IR/)N, 3MEV t B 1=2
GRP. 82=1 82=2 [3 2=3 2=4 B2=6
1 5. 2 29 IE -0 1 5. 3 00 E- 01 4.9C5 7E-CI 4. 1 796E--01 4. 65 3 3E--01
2 5 . 8 1 F -0 1 4.9 1 3 1E- 1 4.7996E-CI 4. 6 S2CE--01 4. 5 546E--01
3 4.0020b--0 I 4.6 760b-01 4 . 5 9 7 8 E -01 4. 52 56E--01 4. 4 6 3 9 f: --01
4 4.5299b--0 1 4 . 4 3 7 4 E -01 4 . 3 ; !';''"r --01 4. 3 418E--01 4. 2 > 8 1 E --01
5 4.27 5 2 L -0 1 4.20 6 7b--01 4 . 1 7 5 7 E --01 4. 1515E-01 4. 1293E--01
6 4 . 4 1 9 E--01 3.9382E--01 3.9 7C0E- 01 3. 9 6 2 E --01 3. >4E--01
7 3 . 8 2 2 3 E -01 3.70531--01 3 . 7 7 9 4 F --01 3 . 7 82 3F--01 3. i 387E--01
8 3. 6 246 E--0 1 3.6 04 1 E--01 3.6 CO )l - 01 3. 6 21 7E-01 3. 6382E--01
[i 3.4 54 4 E--0 1 3.4417b- 01 3.45' 01 3. 4 6 85E-ot 3. 4 9 3b--01
1!) 3 . 2 8 7 6 E --0 L 3.2927E- 1 3.3C71E--CI 3. 3 2 8 1 E --01 3. 3 52 9E--01
11 3. L620E--0 1 3 . 1 8 3 9 E -01 3.2C24E--CI 3. 2 2 5 -, I. --01 3. 2 5 2 7 E --01
12 3.0 39 4 1- -0 1 3.08 04E--01 3.1045E--01 3. 1 30 7E--01 3. 1593E--01
13 2. 8 250 E -0 1 2.90 14 c--0 1 2.94 14E-01 2. c, 765E--01 3. 01 03E--01
14 2. 2 720 -0 1 2.43 6 3 1 --0 1 2.^1 7 5E--CI 2. 5 7 is r --01 2. 62 02F--01
15 1 . 4 1 2 (: -0 1 1 .626 3E--01 1.7168E--01 1. 7 71 (.:>-01 1. 81 14E--01
16 7. 2 855 E--02 8. 20 11 E--')2 8.5135 E
-
•cz 0. 6 c, 9 4 r --02 8. 04 3 0E--02
17 8.2442 E
•
-0 3 9.271 E -0 3 9.6 3 87E--03 9. B5 95E--03 1. 003 01 -02
10 0.2 54 1 '. -04 9 . 2 7 HE -04 9.64 3 c ': -- L 4 9. 8 62 4E--04 1. 3 2 E --03
19 1.3660E- -0 5 1.535 > E
-
-05 L.5 9 60E--05 1. 6 32 CE--05 1. 6 5-J l -b - 05




LEAD- IRDN, 3^6V,B 1 = 3
GRP. 62- I B2=2 82=3 82=4 62=5
1 5. 17016 -0 I 4 . 9 5 1 2 E-01 4.8035! -01 4. 6 7196--01 4. 54 5 76 -01
2 5. 425 E--0 i 4 . 8 4 4 2 E -01 4.7149E-01 4. 6C1 56--01 4. 49 366--01
3 4.8000 E--0 1 4.6408E-01 4.5464H--01 4. 4 6 '(,'--01 4. 394 3E--01
4 4 . 5 5 9 3 E -0 1 4.4305E-0 1 4.3 6291 --01 4. 3 1126--01 4. 2 6 c- ti- -01
5 4.3290E--0 1 '4.2?) 01 4.17 39E--01 4. 14 2 4; --01 4. ll roE--01
6 4.1 126
E
-0 1 4.0193E-01 3.9 8<i4E-•CI 3. 96706--01 3. 95 66E--01
7 3.89216 -0 1 3 . 8 2 C 9 E -01 2 . 8 C 1 6 1 --CI 3. 7 S 8 5 E --0 1 3. 801 96--01
a 3 . 6 8 8 E -0 1 3.6 365E-•01 3.6332E--01 3. 6 42 7E--01 3. 6 5 746--01
9 3.4910* -0 1 3. 4669 E- 1 3.4738E-CI ->J • 491 -01 3. 5 1 2 3 E •-01
LO 3. 2 873 -0 1 3. 30 26E-•0 1 3.3 2 406-•0 1 3. 3 4 8 6E --01 3. 3 74 9E--CI
11 3, 1268 E -0 1 3. 10006- • 1 3.2 L38F--CI ^. 24436--01 3. 2 7 4 16--01
12 2 . 9 7 3 8 E --0 1 3.0654E-01 3.1 114E-•01 3. 14 746--01 3. l 8 00--01
1 3 2 . 7 4 4 1 E -0 1 2. 8 8 28 E-01 2.9482E-•01 2. c, 9 3 96--01 3. 032 IE -01
14 2.2 157 E--0 1 2. 4 3/6 c -01 2.5 3 426--CI ?. 55826--01 2. 04 6 86--01
15 1 .3 759
6
-0 1 1.6 317E-01 1.7345E--01 1. 7 52 56--01 1. B 3 3 4 E - 01
16 7.0 748 6--0 2 0. 1 700 (
-
•02 p
. 5 5 6 3 6 --02 8. 7 701 r --02 8. 922 6E--02
17 8.0 166 E--0 3 9.24 38 6-03 9 . 6 9 3 4E --03 5. 94 4 7!:--03 1. 01256--02
10 8.025b I -0 4 9. 2491 E-04 9.6971E-•04 9. 94 7<,6--04 1. 012 66 -03
19 L. 32786 - 5 1 . 5 3 10 E- 05 1.6047E--05 i. 6 45 8E--05 1. 6 74 96--05
20 1.41551: . \ -.. 1.6 302E--08 2.5 5 65E--08 4. 6V.11--C8 6. f ' C f. • > i - .^ J 1 ' . 1
LEAD- IRON, 3MEV,B 1 = 4
GRI*. 62= I B2=2 62 = 3 B2=4 2=5
1 5 . 8 3 9 fc --0 1 4.847" E •01 4.6920E-•01 4. 55926--01 4. 4 J5 5E--01




1 4.6216 6 --CI 4 . 5 C 6 6 E --01 4. 400'.
6
-01
3 4 . 7 7 3 3 E -0 1 4.59 2 7 6--0 1 4 . 4 8 8 4 6 --01 4. 4C6 7F--ci 4. 3 3 4 16 -01
4 4 . 5 6 5 8 E --0 1 4.413 36--01 4.3 3461" --01 4.2 7 8 3c--01 4. 231 IE -01
5 4.36206--0 1 4. 22946-01 4.1 693E--01 4.
1
i?Z^--01 4. 1046E--01
6 4.165 16--0 1 4 .0455E-01 3.99796-01 3.S 74 1E--01 3. 95066--01
7 3. 9 477 E--01 3.8 54 -•0 1 3.8242E--01 3. 8 1 5 ,'<---01 3. 816 1 6 -01
8 3.72831 - I 3.66891 -01 3.0 5 096-•01 3. t 6 5 06--01 3. 6 / 7 6 6 -61
9 3.52606 -0 I 3.49511":-•01 3.4 995E--01 3.5 1 526--01 3. :< 3 5 4 E -01
10 3.2965 E--0 1 3.3191E--0 1 3 . 3 4 4 7 E --01 3. 371 26--01 3. 30 7 96--01
11 3. i 128E--0 I 3. 186 1E--01 3.2 2 99E-•01 3.2 6^06--01 3. 2 96 66--01
12 2.9 393 E--01 3.06276 CI 3. 12 366--01 3. U63E--01 3. 2 01 76--01
13 2 . 6 9 8 7 E --0 1 2.8766E-•01 2 . 9 5 96E--01 "3.01 316--01 3. 054 41 -01
14 2. 18476 -0 ] 2.4356E--01 2.5 52 1E--01 2.6 22 3E--01 2. ft ,',; 5E--01
15 1.36146 -01 1.63 B 5 E
-
01 1.751 16--01 1. 812 6^--01 1. 0-»4 06 -01
16 6.9 500 6--0 2 8 . 1 6 -02 8.6C4 4E -0? 8 . t 4 '. -02 8. 9 9 9 d E -02
17 7 . 8 8 2 7 E -0 3 9 . 2 4 1 4 E - - 3 9.75 2 71 --(' \ I.CC2 -02 1. 021 61 -02
18 7.8 909 E- 9 .24 62 6--04 9. 7 5 58E-- 4 1.CC3CE--0 3 1. 6/1 76 -03
19 1.30 5 3 -0 5 ! . 5303E--0' 1.6 14 JE--15 1.659 -06 1. 6 92 7 6 -05





LEAD- IRON, 3MEV,B 1 = 5
244
GRP. B2 = i B2=2 B2=3 B2=4 B2=5
1 4 . 9 8 rW: •-0 1 4..7333F-•01 4.5 72 5E--01 4. 4 393E--01 4. 3266E--01
2 4.8 94>E--0 1 4,,66 52E-01 4.52 1 6E-01 4. 4C55F--01 4. J083F--01
3 4.7 306E -0 1 4. 5358E-•01 4.4 249E--CI 4. 3413E--01 4. 2 73 5E--01
4 4 . 5 5 7 4 E -0 1 4. , 38 8 7E-01 4.3C22E-•01 4. 2 42 7E--01 4. L 9 7 1 E --01
5 4,3816E--0 I 4, 2314E-01 4.162 5E-01 4. 1212E--01 4. C92 2E--01
6 4.2066E--01 4,,068 3E-•01 4.0H)8E--CI 3. 9 619E--01 3. 964 7E--01
7 3 • 9 9 5 4 E --01 3. 8 8 56E--01 3.8 4 f2E-01 3. G 341E--01 3. 8306E--01
3.77201 --0 1 3. , 7015E-01 3.6 8 59E--CI 3. 6 6 88E--01 3. 69 7 9E--01
9 3.5619E--01 3. 5 2 55E-01 3.52 7 2E-•01 3. 541 3E--01 3. 55 87E--01
10 3. 3129 E--01 3. 3402E-01 3.3 682E--01 3. 3^53E--01 3. 4210E--01
11 3 . 1 1 1 8 E --01 3. 198 8 E-01 3.2497E-01 3. 2681F--01 3. 3 I 9 1 E --01
12 2.9228 I- -0 1 3..06 80E- 01 3.13 97E-•CI 3. L 8 76E-01 3. ?? *4F--01
13 2 . 6 7 3 5 E -0 1 2. 8 785E-01 2.9 7 47E-•0 1 3. C344E--01 3. C767E--01
14 2 . 1 6 8 4 E --01 2. 4 434E- 1 2.5 7 16 c -•CI 2. t 4 6 7E-•01 2. 6974E--01
15 U3 539E--0 1 1. 64 69E-01 1.7675E--01 1. B32 1E--01 1. 8734E--01
16 6.8 76 2t--02 8. , 1732E-02 8.6 5 82E-•C2 e. 9 124E--02 9. 074 3E--02
17 7 • 8 4 6 E -0 3 9..2 582E-•03 9.8 L78E-C3 i. C114E--02 1. 3 3 E --02
18 7 . 8 1 2 3 E •-04 9. 2 6 26E--04 9.8205E--04 i. C 1 16E--03 1. C3 04E--03
19 I. 292 1 E--0 5 1. 5320E-05 1.6 247E--C5 i . 6 6 9CE--05 1. 693 81. --05
1.3771 L -08 2. 1(1 1 7 r 08 5.2 128E-- 08 » / r> ->r-» \J \j t- L. C8 CC89E -08
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Table C.79 Scattered Energy Flux Spectra, I ( b -, +b
2






), for 3MeV Photons in Slabs of Water
Followed by Tin.
WATER-TIN, 3MEV,8 1 = 2
GRP B2= 1 82=2 82=3 8 2=4 B2=5
1 5.3342E--0 1 5. 1407F--01 4.9 6 4 3E--Cl 4. 9643E--01 4. 5790E--01
2 5. 1925E--0 1 5. 346 1--01 4 . f\ B 7 6 ! --Cl 4.8 876E--01 4. 562 8F--01
3 4. 9 2 32 L--0 1 4. 8 3 3 2 T -•01 4 . 7 4 1 7 E --Cl 4.74 1 n --01 4. 5 32 OF --01
4 4. 6 594
E
-0 1 4. 6 2 70F- 01 4.5 82 8E-Cl 4. 5E2PE--01 4. 4 7 3 E --Cl
5 4.4 1 7 f
-
-0 1 4. 4 2 5 1 E --0 1 4.4187E--Cl 4.4 187E--01 4. 3858E--01
6 4. 1805F--0 1 4. 2 302E--01 4.2 5 31E- 1 4.2 531E--01 4. 2 814E--01
7 3 . 9 6 7 2 E •-0 I 4. 3 69F-01 4.0792F--Cl 4.C 792E--01 4. 14 84E--Cl
B 3.7797E--0 L 3. 8 585E-•01 3.9 12 IE- -Cl 3 . 9 1 2 1 : --01 4. 0073E--01
9 3 • 6 1 6 8 E --0 1 3. 6 9 4 8 E
-
-0 1 3.75191 --Cl 3.751 <•--01 3. 8603E--Cl
10 3.4459E--0 1 3. 4983E--01 3 . 5 4 3 4 E -01 3. 5 4 34E--01 3. 6432E--Cl
11 3. 2 986 E--0 1 3. 32 46E-0 1 3.^566F-C I 3. 3 566E--01 3. 445 9E--01
12 3 . 1 18 7 F -0 1 3. 1 159E-01 3. i 3 54F--Cl 3. 1 354h--01 3. 2107F--01
13 2 . 7 6 3 7 E •-0 1 2. 7360E--01 2.7449E--01 2.7449E--01 2. B037F--01
14 L.9 770E--01 1. 94091 --01 1.9 478E--01 1.9 4 7SE--01 1. 993 1E--01
15 6 . 3 8 2 1 E -0? 6. 137 1F--02 6 . 2 1 6 E -C2 6.210BE--02 6. 341 4E--02
16 4. 1 307 t--0 3 3
,
9 864E- 0? 3 . 9 6 1 6 E -•C3 3.9616E--03 3. 9904E--03
17 1. 1902 E--0 4 1. I590fc--04 1.148CE--04 1.148CE--04 1. 1642E--C4
18 5. 4 800 F--0 6 5. 1909E- 6 5.324CE--06 5. 324 CE--06 1. 04 6 9F--05
19 2.3723E -0 8 2. 2455E-•08 2.8 3 26F--CP 2. P326E--C8 6. 01 75E--08
20 4. 1 37 IE- • 1 I rr> 1 2 2 3 E 1 1 4.cbo?.;- 1 1 4 . C £ C 3
1
" L 1. 5. 5666E- 11
WATER-TIN, 3MEV,B 1 = 4
GRP. 82 = 1 8 2=2 8 2 = 3 B2=4 8 2=5
1 5. 2 731 F--0 1 5.0 13 31.--01 4.7 9C0E--Cl 4. 7 5GCE--01 4. 35 99E--01
2 5 . 1 4 3 3 E --0 I 4.9 272E- 01 4.73 8 9 F
-
-Cl 4. 7 389E--01 4. 3 74 5E--Cl
3 4.B96 7E--0 1 4.7635 E 01 4.64 IBS" --Cl 4 . 6 4 1 £ E --01 4. 402 2E--01
4 4 . 6 5 13 F
•
-0 1 4. 5 8 90 ( --01 4.52461:--Cl 4.52 4 6 L"
-
-01 4. 3 CM 7E--01
5 4 . 4 16 7 E •-0 1 4.41 35E-01 4.39 5 V-01 4. 3S 5 ;e--01 4. 3 52 OE--Oi
6 4 . 1 9 5 9 E -0 1 4.2 39 IE--0 1 4.2 5 90T-Cl 4.2 55 01--01 4. 2 8 4 ? F -01
7 3 . 9 8 7 7 E --0 1 4.06111--01 4.10 73E--01 4. 1C7 3E--01 4. I 81 OE--01
B 3.8005E--0 I 3 . 8 9 2 7 E - 1 3.955BC--Cl 3. c t 5HE-01 4. 06 09E--01
9 3. 6 309 E--0 1 3. 7320! -0 1 3.8C42E--Cl 3 . 6 C 4 2 : --01 3. 92 6 9E -01
10 3. 4 48 2 E--01 3. 5 30 5E-- 1 ' . 5 5 >, --Cl 3.59"^ 3E--01 3. 7101E--01
11 3. 2 8 8.:'. E -0 ) 3. 350 1E--01 i . 4 2 2 E --Cl 3.4C22E--01 3. 5093F--01
12 3 . 1 1 7 E -0 1 3. 1 347L--0 1 3 . 1 7 3 9E --Cl 3. 1 7 3 9E--Cl 3. 2 66 6E -01
13 ?. 7 564 E--0 I 2. 752 3 E-- 1 2.77 5 -Cl 2 . 7 7 5 8 E --01 2. 84 91E--oi
14 2.00 5 7 I -(; 1 1 . 9 6 l3 I L --01 1.97971--Cl 1.57 5 1 1 --01 2. 02 8 0E--01
15 6. 4 9 3 2 I. -0 2 6.2495! - 02 6 . 2 8 4 6 f -•C2 6.2 8461=--02 6. 4 3 6 3 E - 02
16 4.06721 -0 3 3. 9498 C--03 3.9 5 54E-- n "•• 3 . 5 5 5 4 E --C3 4. 01 B4E--C3
17 1 . 1 8 4 E -04 1.0937E- 04 1.1504E- -J 4 1. 1 5C4E--04 1. 14 1 7F--04
18 5. 6 8 50 -06 9. 706 5 E- - 6 5.4 3 72E-Cl 5.43 7 2 E --05 1. 14 5 7E--05
19 3. 36251 -08 5. 36 10
E
-08 3.9 666E--OP 3.96 661 -- C 9 6. 46 5 1F--08
20 3.48 13
L
• 1 1 4. 5 5 70 E-- 1 I 5.1 3 6 5E-- 1
1
5. 1 365E--1 1 4. 97 6 7F- -I 1
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Table C.80. Scattered Energy Flux Spectra, I s ( b, +b
?







), for 3MeV Photons in Slabs of
Aluminum Followed by Tin.
ALUM .-TIN, 3MEVtB 1 = 2
GRP.1 82 = 1 82=2 B2=3 FJ2=4 B2=5
i 5. 2875F--Cl 5, , 1015F--01 4.9 42 3E-•01 4. 9 42 3E--01 4. 565 9E--01
2 5. 1531E--01 5.,0021b- •01 4.8694E-•01 4. E6 94E--oi 4. 352 IF -01
3 4. 8976E--0 1 4, , 313 1F-•01 4.7308E-01 4. 7 3 08E--01 4. 5259F -01
4 4. 6 450F -0 1 4,.6168F-•01 4.5 7 74E-01 4. '5 7 74E--01 4. 46 76E -Ci
5 4. 4D48E--0 1 4 .,4223b--01 4 . 4 1 7 3 E -01 4. 4173b--01 4. 3 85 6E--01
6 4. 1809E--0 1 4,.2324E-•01 4.2 542F-CI 4. 2 542F--01 4. 23251 -01
7 3. 9 7 34E--0 1 4.,0424 >--•01 4.0824E-CI 4. c e 2 4 5 --01 4. 15 04E--01
8 3. 7899F--0 1 3..8662F-0 1 3.9164E--01 3. 9164E--01 4. C096E--01
9 3. 6297b--0 1 3. , 70 38E-•01 3.7568E-0 1 75' ' -01 3. 862 7b--01
ID 3. 4593E--0 1 3< , 5074E--01 i . 5 4 8 2 E -•01 3. 54 33F-01 3. 64 5 7E -01
11 3. 3114E--0 1 3. , 3 339E-•01 2.3615E-•01 3. 3 6 1 i 1 -01 3. 4 4 8 5 E -01
12 3. 1 306E--0 I 3, . 1246E-•01 3 . 1 4 1 E -•CI 3. 1 4 C 1 E --01 3. 2 1 3 2 E --01
13 2. 7 7 3 61:--0 1 2. , 7 4 3 7 E -0 1 2 . 7 4 9 2 E -01 2. 74 92E-01 2. 806 0!- •-01
14 1. 9 8 3 1 E --0 1 1. , 946 1E-01 1 .9507F--CI 1. 9 50 7E--01 1. 994 n -01
15 6. 4013E--0 2 6.-2028E-•02 6.2 198E--02 6. 2 1', -02 6. 34 6 0E--02
16 4. 1441E--03 3..9969E-•0 ? 3.96781; --03 3. 9673b--03 3. 99 3 7F -0 3
17 L. 1 f ) 3 3 F --04 1 . , 1 5 7 F -04 1.14 98E--04 1. 1 498E--04 1. 151 91 -04
18 5. 2028E--0 6 9..6888F-06 5 . 2 6 e 4 E -•06 2 6 8 4 E --06 1. 2 1 3 1 F -^ '3
19 2. 7602E--08 3.,01 11E-•03 2.6 20 4b-• o e 3. 6 2 C 4 F :-C8 2. 986 li -03
20 A. 5045F--1 1 • * , 4 1 4 1E- 11 4.14 7 )E-11 4. 14 791 1 I 4. / 3 S4E- » j
ALUM .-TIN, 3MEV,D 1=4
RP, 82= 1 82=2 B2=3 8 2=4 B2=6
1 5. 1794F--01 4.,9 5 14b--01 4.71 3 I E
-
-01 4. 7 1 3 1 L --01 4. 3293E---01
2 5. 065 2 E--0 1 4,.B758F- 01 4.6 795E-01 4. 6 7 95E--01 4. 3 4 >4F. -01
3 4.8432E--01 4. , 7324E-•01 4.6C62E-•01 4. 6C62E--01 4. 3 8 7 5 F -01
4 4. 6 2 57 E--01 4 4-5732E-•01 4.5C70E--ci 4. 5 07CE--01 4. 3 04 8E--01
5 4.4073E--01 4,.4078E-0 1 4.3918! -01 4. 391 t --01 4. 35 01E--01
6 4. 19 7'9 F--0 1 4..240 5F-01 4 . 2 6 3 61 - 01 4. 2 63 6F--01 4. 2H61F -01
7 4.0008E--0 1 4..0 69 7F-•01 4.1 181 --ci 4. 1 1801 -01 4. L 3 5 2 F -01
8 3.8205E--0 1 3 . 9056E- 1 3. 9 6 98 E-CI 3. 9 69 8! --01 4. 066 7E--01
9 3.6552b--0 1 3,,7475b-ol 3.8 198E--ci 3. 81981 --01 3. 93 i 7E -01
10 3.4 725 F--0 1 3. . 5469r-01 3.6094E-- C I J. 6C -)';Y -01 3. 71 6 9E--01
11 3.3 110E- -0 1 3.,3641 E
-
01 3.4 1 ?.r --0 1 2. 4 1 G 2 E --01 3. 31 3 1\ -0 1
12 3. 1223F--0 1 3. , 1480E- C 1 3 . 1 8 9 1 F -CI 3. 1 8 9 1 E--01 3. 21 JOE -01
13 2. 7746E--0 1 2.,7642b-0 1 2.7892E- 1 ?. 78921 -01 2. 064 7F -01
14 2 . 1 9 J F --0 1 1 .. 9 7 3 8 E-01 L.9 8 62E--01 1. 5 ft 5 2 E --01 2. C31 9E--oi
15 6 . 5 3 7 U
-
-02 6..27 7 3E-02 6.3 124F--C2 t . 3 1 2 4 ; --02 6. 44 84E -02
16 4 . 9 ) F --0 3 3. 96 50E-•03 3.9 715E--02 3. S 7L r.!---0 } 4. 02 5 JE--03
17 1.18 8 6 E
•
-0 4 1 . , 1466E--04 1.4 592E-- 4 1. 4 592E--04 1. 12 87b--04
18 5. 6 606 E--06 7,,53711-•06 1.24 5 rr--C5 1. 2457E--05 1. 1 \ 72E--05
19 2.5924b--0 3 3, , 7 4 94 F-C8 4.63 4 7E--OF 4. 634 n --08 4. 2 94 IE -08
20 2. 1 360E--11 5 .,5 122b- 1 1 5.8 7 65E--1 i 5. 8 76 5E--1 1 6. 972 9E--11
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Table C.81 Scattered Energy Flux Spectra, I s ( b, +b 9 , E . )/





for 3MeV Photons in Slabs of Water
Fol 1 owed by Lead .
WATER-LEAD, 3MEV,B1=1
GRP. 82 = I B2=2 8 2 = 3 82=4 B2=5
1 5.8 671 E--01 5, 84 63E-01 5.7967E--01 5. 6789E--01 5. 5549E--01
2 5.6988E--0 1 5.,70 171--01 5.6 717E-01 5. 5 7 8CE--01 5. 4 7 B OE --01
3 5.3789E--0 1 5.,4272E-•01 5.4 30 3E-•01 5. 3 86 1E--01 5. 3319E--01
4 5.0 739 E--0 1 5. , 1618E-•01 t].lS4 4E-01 > • 15 36E--01 5. 1796E--01
5 4.7936E--0 I 4..9139E-01 4.9708F--CI 5. C C 6 1 E --01 5. 0265E--01
6 4.5 4 10 E--01 4, , 6843c- 01 4.7606E--01 4. 8 24CE--01 4. 3725E--01
7 4 . 2 8 3 2 E --01 4<.4 142E-01 4 . 4 ? ? 1 r -•CI 4. 5 5 56E-•01 4. 612 5E--01
8 4.0 310E--0 1 4. , 12 37E-01 4.17 74E-01 4. 2 3 3 1 E --01 4 • 2 842E--01
9 3 . B 2 7 E --0 1 3,.8463E-01 3.8 741E-•01 3. SI 3 5E--01 3. 9547E--01
10 3.49 18E--0 1 3«-4394b--01 3.4 1 71E-01 421 9E--01 3. 43 73E--01
11 3. 150 8E--01 3..0143E-•01 2.9523F-•01 2. <9 31 1F--01 2. 92 6 1 E -01
12 2.6802E--0 1 2,.48 81E-•01 2.4C38E-01 2. 3 64«E--01 2. 344 9E--01
13 1.9 606E--0 1 I, . 7 78 8E-•01 1.6992E-CI 1. 6 5 78E--01 1. 63 34F--01
14 9. 5 706 E--02 8. . 6 2 74E-02 8.2 24 7E-02 QC • CCB4E--0? 7. 3 7 COL --02
15 L . 4 6 3 2 E -0 2 1. , 34 79E-02 1.2 9 80E-•c? 1. 2 703E--02 1. 2 5 I 8E--02
16 3.3699E--04 3..09 78E-04 2.8901E-•04 2. 7S29E--04 2. 72 97E--04
17 3. 5671 E--06 4.-3854E-06 3.0644E-06 4. C469F--06 3. 4146E--Co
18 6. 9 8 52 E--07 6. , 6 6 8 1 E -07 6.0667E-07 96 7 3E-0! 5. 764 JF --07
19 2. 4 749 E--09 2..42 78E-09 2.9 016E-cs 2. 3CCCE--C9 2. 9055 E--09




GRP. 82=1 8 2 = 2 82=3 B2 = 4 B2=5
1 5 . 8 9 7 4 E --0 1 5. 8402E-01 C .74 34E--01 5. 5 c e /E--01 5. 44C0E--01
2 5 . 7 3 4 I E -0 1 5. 7 3 8 E -01 5,.6 302E--01 5. 5C54E--01 5. 3 8 3 4 E -01
3 5. 4 2 37 E--0 1 5. 4 4 4 7 E -01 5,.4 152E-01 5. 34 71E--01 5 * 275 7E--01
4 5.12 5 1 E -0 1 5. 19 1.7E-01 6-.2022E--CI 5. 1 e42E--01 5. 1592E--01
5 4 • 8 4 9 E --0 1 4c 9 532E-01 4,.9977E--01 5. C22 4F--01 5. C357F--01
6 4. 5 956 E--0 1 4. . 72 96E- • 1 4,.8 02 8E--01 4. 6 62CE--01 4. 9082E--01
7 4. 3 30 3 E--0 1 4. 4 : ; 1 4 E "•01 4 .. 5 3 4 1 E --01 4. 6C2 8E--01 4. 66 9E--01
8 4 . 6 2 5 E -0 1 4. L567E- 01 4,.2 17 7E--01 '#. 2 7 86! --01 4. 33 3 7E--01
9 3.8 09 5 E--0 1 3. 8 6 3 3 E -01 3 (.9C38E--CI 3. 9 52 4E--01 ', )9 9E--01
10 3 . 4 6 3 7 E --01 3. 42 78E-01 j .421CE--01 3. 4 3 : -01 3. 461 9E--01
11 3.08/ ', t: --0 1 ?
.
97 51E- 01 2,. 9 3 2 1 E --01 2. 9256E--01 2. 9309E--01
12 2. 5907 E--01 4258E-0 1 2 . 3627E-01 2. 3 4 C 8 E -•01 2. 3 *2 7E--(1
13 1.8 708 E--0 1 1. 7096E-01 1 .6-3 12E--CI L. 6 266E--01 1. 613 8E--01
14 9.0 69 7 E--0? 8. ? 2 9 5 E -02 7,.9 5 8CE--c? 7. 8 3 66E--02 7. 7683E--02
15 1 . 4 1 5 E -0 2 1. 29 95E-02 I..2 646E-02 1. 2 4 85E--02 1. 23 98E--02
16 3.0 85 IE -04 2. 8498E-•04 2 . 76 5 5E--04 2. 7C92E-•04 2. 6740E--04
17 3.4060 E-- 6 ^ « 4 4 6 1 E- 6 2 .9 7 7 7E-•C6 3. CS31E--06 J. 91 02
1
-06
18 6.6262E--0 7 5. 9695E-07 5,8 680E--07 5. / 5 8 2 E --0 I 5. 6507E--07
19 2.4301E--0 9 3 . 60 68E--09 2 . 7 9 "> 5 E -09 r f4CE--C9 8 8 05E--, )
20 L.7 722E -12 2, 9 5 32E- I ~> 2 .2C39E-- 12 -> 4 54 41 -1 2 1. 9 5 5 1 E -12
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Table C.81 Conti nued
WATER-LEAO, 3MEV,B 1 = 3
GRP, 82= 1 B2=2 B2=3 82=4 02=5
1 5-899 7E--0 1 5. 80616- 01 5.6747E-01 5. 4 9 8 8 E -•01 5. 332 9E--01
2 5.7396E--0 1 5. , 6 7 7 8 E -01 5.5744E--CI 5. 4 309E--01 5. 293 8E--01
3 5.4353E--0 1 5, 434 IE-•01 5.3838E- 01 5. 3C2CE--01 5
.
21 ?7E--01
4 5. 1419E--0 i 5. 1943E- 01 5.1523E-•CI r, 165 3E--01 5. I 3 2 5 E -01
5 4.86806--0 1 4. 9 66 7E-01 5.0 C 6 3! --CI 5. C2 6 -01 5. 03 7 IE--01
6 4 . 6 1 5 6 E --0 I A. 7518C-01 4.8 270E--01 4. I U6 6E--01 4. 93 3 4F--01
7 4. 3484E--01 4. m 8 3 B 6 -01 4.5 6 68E-01 4
.
6 3 8 ( <L--01 4. 6 9 9 7E--01
8 4.0755F--0 1 4. 182 1E-01 4.2 519E-01 4. 3 18CE--01 4. 3768E--01
9 3.8 135E--0 1 3. e B 3 9 C -01 2.9353E--CI 3. c. 9C3E--01 4. 042 3E--01
10 3.4556E--0 1 3. 4 S52E-01 3.4 382E-•01 3. 4 611c--01 3. 48 94E--01
11 3.06796--0 1 2. 96800- 01 2.9335E-01 2. 9 32 9E--01 2. 94 2 9F--01
12 2.56256--0 I 2. 40 38 fc-01 2.348 5 I
-
01 2. 2 3 3CE--01 2. 3 3 05E--01
13 1.8408E--0 1 1. 6789E-01 I .62a6 !---01 1. 6 112E--01 1. 604 36--01
14 8.88146--0 2 8. C40 3 E
-
02 7.8 249E-02 7. 746 7l--02 7. 7 1 9 E --C2
15 1.3 756E--02 1. 2759E-02 1.2477F-02 1. 2 3 7CE--02 1. 2 324E--02
16 2.94761--04 2. 7491E-04 2.6976E-04 2. 6 62 4E--04 2. 64 0E--04
17 3 . 3 1 6 3 E -0 6 3. 5185E-06 2.8149E-Cfe 3. 6S4 5E--06 3 2704E--06
18 6 • 4 6 8 3 E --07 5. 8 9 6 6 -07 5.7809E--C7 5. 7 42 06--07 5. 64 6 1 E --0 7
19 2 . 3 3 5 5 E -0 9 3. 18 3 7E- 09 2.12 31E-09 2. 6 35CE-- C 9 2. 85 56E-- 9
20 2.4529E -12 2. 8 7 8 4 E- . » >1 c 2.2 104E- 12 2. 3 54 8E- -11 O I t_ - 1 >.
WATER-LEAD, 3MEV,B 1 = 4
GRP. B2=l 8 2=2 B2 = 3 B 2=4 B2 =5
1 5 . 8 6 7 5 E --01 5.74V0E - 01 5.59 35E--Cl ^ m 4C2 7E--01 5. 22 79E--01
2 5.7 134 6--01 5.6307E--01 5.5C68E-01 5. 3 5C5E--01 5. 2 05 6E'-01
3 5.42086--0 1 5. 40 60 E--01 5.3 4 22E--01 5. 251 f>E--01 5. 1 6 3 4E--01
4 5. 1369E--0 ) 5. 18 24E-01 5.17 33E--CI 5. 141CE--01 5. 104 6E--01
5 4.8 708E--0 1 4.96896-01 5.0072E--CI 5. C 2 6 1 F --01 5. 03 5 IE--01
6 4.6242E--01 4.7656E-- 1 4. P 44 66--01 4. 9 C 6 1 E --01 4. 95 3 9E -01
7 4, 3 603 E--01 4. 50 54E- 01 4.59 4 ^ E
-
-01 4. tl ; . • --01 4. n 3 ^i -01
8 4 . 8 HE-0 1 4.2073E-01 4.2 846E--01 4. 3 b 5 2 E --01 4. 4 1t, r>L -01
9 3 . 8 2 6 3 E --01 3 . 9 9 1 E -01 3.9685E--01 4. C 2 { 1 -- 1 4. 2 5E--01
10 3 . 4 6 3 9 E --01 3. 45 31 E--01 3.4 617E--CI 3. 4 8726--01 3. 51 7' : E--CI
11 3 . 7 1 4 E --0 1 2.9764E--01 2.9 4 5 3E--01 2. 94 7CE--01 2. >5 16E--01
12 2.5 60 8 6--0 1 2.40046--01 2.34716--CI 2. 3 3416--01 2. 33 3 9E -01
13 1 .83406 -0 1 l.t 660E- 01 1.6182E--CI 1. 6 C 4 4 E -01 1. 6 6 E -01
14 8.8 1 756--0 2 7.94 84E-02 7 . 7 5 7 6 E --02 7. 7C. I 9E--02 7. 683 4E--02
15 1.3 655E--0 2 1.26 4 i E 02 1 .2 391E-02 1. 2 3 1 1 E --02 1. 22 3 6E--02
16 2 . R 7 7 6 E --04 2.67636--04 2.6 5 7 3E--04 2. e2i I --04 2. 61 16E--04
17 3. 3 49 1 E--06 3.67666--06 3.1 2 94E--06 3. 7 854E--06 4. 1 122 E--06
18 6.4 1 9 9 E -0 7 7.79 8 8 f 07 5 . 6 4 4 C --C 1 6. / 1 5 1 E --0 7 6. /,' »3E--07
19 2.4 11DE--0 9 3.2409! --09 2.7 846F--C9 4. 4 690E--C9 4. ) U 4 6 E -09
20 1 . 7 6 6 5 L
-




WAT FR-LFADt 3MEV.B 1 = 5
GRP.» B2 = I 8 2=2 B2=3 B2=4 B2=5
1 5. 8 142E--0 1 5. 6779E--01 5.514CF-•Cl ^ m 3 15 3E-01 5. 1 3 2 2 E -01
2 5 r 6687E--01 5 . 5712E-01 5.4402E--01 5. 2 7 7CE--01 5. 12 50E -ci
3 5. 3921 E--0 1 5. 36P5E-01 5.2999F--01 e 2C4 JE--01 5. 1 1 I 3 E -01
4 5. 12 17 E--0 1 5. 1634E- 01 5 . 1 5 2 1 E --01 5. l 169F--01 5. 0778E -01
5 4. 8 669E--0 1 4. 9 6 6 2c-01 5.CC46E-- C 1 5. C23CE--01 5. 031 5E--01
6 4, 6 29 3E--01 A . 7 763E-01 4.8 5>78E--01 4. 921 IE--01 4. 97 04E -01
7 4. 3727E--0 1 4. 52 57E-01 4 . 6 1 9 1 E --01 4. 6 9 8 1 E-01 4. 76 3 61 -ci
B 4. 1057E--0 1 4. 2331F- 1 4.3 145E--CI 4. Jf 82E--01 4. 4 5 I r> k -01
9 3. 8444E--0 1 3. 9367E-01 4.0C01E--CI 4. C62 5F--01 4. 1 18 9E -01
10 3. 4807 E--0 1 3. 4 761E--01 3 . 4 8 6 3 E --CI 3. 5135E--01 3. 544 5! -ci
11 3. 8 55 E--0 1 2. 99 20E-01 2.9602E- 01 2. 96226--01 2. 9 74 7 r -ci
12 2. 5 703 E--0 1 2. 4058E-01 2.3 507E-•01 2. 3 3 82F--01 2. S394F -01
13 1. 8 367E--0 1 1. 66 20E-01 1.6 138E--01 1. 6C15E--01 1. 5 9 9 5 E -01
14 H. B063E--0 2 7. 9059E- 02 7 . 7 2 2 1 E -C2 7. 6 7 79E--02 7. 67G9h--02
15 1. 3626L--02 1. 2 5 89E-02 1 .2 345E-02 1. 2 28CE-•02 1. 22 6 9E -02
16 2. 8 3 5 8 E --04 2. 56 17 c- 04 2.6 30 5E--C4 2. 5 79CE-04 2. 6687E -04
17 3. 5451 E--0 6 3. 9 340E-06' 3.3339F-06 4. 3501F--06 3. 1098F -06
18 6. 1440E--0 7 8. 15 18E-07 5.629 IE
-
-07 ?. 5S01F--07 5. 814 01 -07
19 2« 471 IE--0 9 3. 5670-E- 09 1 .9 9 09E-C9 4. 6 4 46E--C9 1-> • 104 IE - 9
20 2. 9 7 C --12 3. 18 Vib- • 12 2.3 89 5E--12 • 545 91 - i. c
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) , for 3MeV Photons in Slabs of
Iron Followed by Lead.
IRON-LEAD, 3MEVtH 1 = 1
GRP,% B2= 1 B2=2 8 2 = 3 B2=4 B2=5
1 5. 8 2 8 3 E - 01 5. 84 32E--01 .7 722E--01 5. 6787E--0) 5. 54 92E--01
2 5. 6634E---0 1 5. 6975E--01 5,.6494E--01 5. 5775E--01 5. 473 3E--01
3 5. 3501 E -0 I 5..4207E--01 5,.4 16 10--CI 5. 3 K54E--01 5. 3291b--01
4 5. 50 7E--01 5. 15 33E--01 5,.1865F--01 5. 1S2CE--01 5. 177 9E--01
5 4. 7 754E -0 1 4. 9036E--01 4,9676E--CI 3. CC 34H--01 5. 02 5 JE--01
6 4. 5276E--0 1 4. 67 37E--01 4,.7&Q5E--01 4. 82C6E--01 4. 8714E--01
7 4. 2 7 8 3 E --01 4.,40 c V -01 4,.4907E-CI 4. 5 534E--01 4. 61 i 9E--01
8 4. 0352E--0 1 4. 1231E-•01 4,.1822^--CI 4. 232^E--01 4. 2 844E--oi
9 3. 3 1 4 4 E --0 1 3.,84 ^6E--01 3,.8802E--CI 3. 9138E--01 3. 9553E--01
10 3. 5 10 4b--0 1 3. 446 5E-01 J i.4242E--CI i. 4 2 34E--01 3. 43 89H--ci
11 3. 1 74 ?E--0 1 3. 02 32E-01 2,.9604E--CI 2. S332E--01 2. 92 86E--01
12 2. 7074 E--0 1 2. 4988E-•01 2,.4120E--CI 2. 3679C--01 2. 34 7 9E--01
13 1. 9 8 4 6 E -01 1. 7 8 90E-01 I,.7C63E--CI 1. 6 6 09E--01 1. 6362E--01
14 9. 696DE--0 2 8. 68 28E-•02 0,.2606F-•C2 3. C261E--02 7. 392 5E
-
-02
15 1. 4 8D4E--0 2 1, 3563E-02 1,l 3C27E-C2 L. 2 7276--02 1. 2 55 8E--02
16 3. 4448 E--04 3. 0815E-•04 2,, 9 C 4 3 E --04 2. ecc^E--04 2. 7 3 6 3 E --04
17 3. 5 925E--06 3. 2 326E-•06 3,.1285E--06 2. S324E--06 3. 9773E--06
18 7. 1 6 3 E •-0 I 6. 4 2 2 E -•07 6,.1022b--07 5. 922CE--07 5. 8 7 5 E •-07
19 2. 3 2 4 9 E --0 9 04 4 IE-09 ?..9 52 7! --C9 2. 13 74E--C9 2. 03 89E--c ;
OOCU -12 "l 5 4 1 6 E- 12 2,.7 845E-. 1 oJ. 1- > ^ r pncJ \- u ui. . 1 > 14 38b--1 2
IROM-LFAD, 3MEV.B 1=2
GRP. » B2= 1 B2=2 B2 = 3 B2=4 B2=5
1 5. 7 750E -0 1 5. 7729E-01 5 . 6 7 6 E -CI 5. 5 5 1 4 F. --01 5. 406CE--01
2 5. 6305L -0 1 5. 64 7 3E--01 5.5 702E--CI rJ • 4 74 8E--01 5. 3 5 5 E E --01
3 5. 3 5 6 1 E -0 1 5. 40 37E- 01 5. } 7 96!'-01 5. 3 2 94F--01 5. 260 U --01
4 5. 8 ( 7 f -0 1 5. 1 f20l - 01 5.1 854E-CI - « 3 75 9E--01 5. 151 7F--01
5 4. B342E -01 4. 9 4 5 1 E -01 4.9946E--CI 5. C/C2E--01 5. 035CE--01
6 4. 5 990 E -0 1 4. 7306E-01 4.8 89E--01 4. 8 63 9E--01 4. 91 10E--01
7 4. 3 5 I I ! -0 1 4. 4633E-•01 A.5472E--01 4. 6C87E-01 4. o664E -01
8 4. 9 6 6 t -0 1 4. 1 7 5 6 E -•ul 4.2 3 5CC--01 ^. 2 6 ?2E--01 4. 34 It--01
9 3. 8 50' r -0 1 3. 8 855E-01 l.'rppAf--CI 3. 9 619b--01 4. 7 3 E --oi
10 3. 5025! -01 3. 448 IE- I 3.4 38CE--01 3. 4 4 69E--01 3. 469 CE--01
11 3. 12131 -0 1 2. '> i 1 9 f: -0 1 2.9 4 75E-•01 2. 9 33 3E--01 2. M 77E--01
12 2. 6 i roh -0 1 2. 4 3 9 7 E -0 1 2.376CE--01 2. 3 4 8 1 E --01 2. 33 39F--ol
13 1. 8 879E -01 1. 7200 E-01 1 . 6 6 1 1 E --01 1. 6 324E--01 L. 61 '3 7F--01
14 9. 1 4 7 5 1 -02 8. 28 21E-02 8.0062E--02 7. 9 650E--02 7. 1 )?.?£-02
15 1. 4 15/. i -0 2 1. 3086E-•02 1.2 717E--02 1. 2 5 3 1 E --02 1 . 2 4 3 4 E --02
16 3, 1204E -04 2. E881E-04 2. 7F3CE--04 2. 7 2 1 I E --04 2. 6 8 3 2 E --04
17 3. 3 258E -0 6 3. 0650E-•06 5.0729E--06 2. 8 3 7 ;L--06 5. 91 3 6E--1 -.
18 6. 6 79 7 E -07 6. 1098 E- 7 5.9 192E-07 r eC2 7b--07 5. 12 3 81 -07
19 2. 15 721 -0 9 2. 7744E-09 2.8466E-•OS 2. l 962E--C9 2. 5466E -09
20 1.,9 3651: -12 2. 409 5 E- 12 2 . 6 6 7 1 E -12 2. 3C36E--12 2. 391 9E--12
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Table C.82 Conti nued
IRO\-LEAD, 3MEV.B 1 = 3
GRP. B2 = 1 B2=2 B2=3 B2=4 B2=5
1 5.6921 E--0 1 5.,6634E-01 5.5392E--01 5. 4 108E--01 5. 2571E--01
2 5.5662E--0 1 5,.5597E-0 1 5.4 6 3 3E--01 5. 3591E-01 5. 2 32 3E -01
3 5.32701 --0 1 5. , 3 6 2 8 E -01 5.3 19 1E--01 5. 26C9E--01 5. 1 85 0E--01
4 5.0859E--0 1 5. , 1 597E-•01 5.1 632E--01 5. 14 75E-01 5. 1 1 HOE--01
5 4. 8 519 E--0 1 4 .-9587E-01 5 . G 3 6 E --CI 5. C252E--01 5. 0368E--01
6 4.6288E--01 4. 7629E-01 4 . 8 4 1 9 E --01 4. 8S5 8E--01 4. J42 2E--01
7 4 . 3 8 6 8 E •-0 1 4..5 114E--01 4.59381 --01 4. 6562E--01 4. 714 7E--01
8 4. 1321E--0 1 4,2204E- 1 4.2P54E--01 4. 3 396E--01 4. 394 7F--01
9 3. 8 78 3 E--0 1 3. 9259E- 1 3.97 02E--CI 4. C123E--01 4. 0604E--01
10 3.5 141E -0 I 3. 4719E-0 1 3 . 4 6 8 5 f --01 3. 4 80 5E-01 3. 5051E--01
11 3. 1 170F--0 I. 2.,9982b-01 2.9596E--CI 2. 9 4 9 1 E -01 2. J565E--01
12 2.6006E--0 1 2, , 4 2 7 2 E -01 2 . 3 6 9 1 E --01 2. 346CE-•01 2. 3414E--01
13 1.8 648E--01 1,,69 AM --01 1 . 6 4 2 5 F --01 L. 6 2C2E--01 1 . 61 1 9E--01
14 8 . 9 8 4 3 E --0 2 8, , 1 124E-02 7 . 8 8 9 -. i --02 7. li 8 6b-02 7. 74 64E
•
-02
15 1.3938E--0 2 1 . , 28*21 -02 1.2 5 74E--02 1. 2437E--02 1. 2377E--02
16 2.9844E--04 2.,7930E--04 2.7 12 1E--C4 > 6 766E-04 2. ' 5 5 4 E -04
17 3. 2250 E--06 3..07 86!--06 3.5C05E--06 5. e618E--06 3. S5C0E--06
13 6. 5 368E--07 5. , 9 9 1 4 i ; -07 6.0C44E--07 7 2 ?Z r:--07 7. 65 8 7 E --07
19 2 . 1 2 8 E --0 9 2. , 7 8 2 5 E -•09 2.6 36 3E--C9 2. 7 3 0CE- C9 3. 45 9 BE
-
-09
20 2.0 1 20 r. i c 9 « , 5285E- 12 2.3235E- 12 c « 3 6 9 1 E - 2. 015 9E--12
IRUN-LEAD, 3MEV f B 1=4
GRP. B2 = I B2=2 B2=3 B2=4 82=5
1 5.58221 - 0 ) 5. 5340E-01 5.4 2 ICE --01 5.2 69 9E--01 5. 1 12 7E--01
2 5 . 4 7 6 4 E --0 1 5. 4 5 3 4 E -01 5.36 5 5E--01 5.2 42CE--01 5. 1 LI 8E--CI
3 5 . 2 7 5 2 E -0 1 5. 3004E-01 5.2 6GOE--01 5. 1 e91E--01 6. 1 1 1 E -01
4 5.0640F--0 I 5. 1328E-01 5.1 3 671 --01 5. 1 142E--01 5. 032 1 E--01
5 4.8524B--0 1 4. 9 5 9 8 E --0 1 5.0C31E--01 5.C24CE--01 5. C3 4^E--01
6 4. 6449
F
-01 4. 7 3 5 1 E -01 4.8 62 7E--01 4.92C8E--01 4. 9677E--01
7 4.4137E -01 4. 5477E-•01 4.6 298E-01 4 . 6 9 8 1 E -•01 4. 75 7 !l -01
8 4. 16481 -0 1 4. 2 6 3 8 E -01 4.3 29CE-CI 4.3 89CE--01 4. 445] E--01
9 3.9 IliE I 702E-•01 4.015 2E-01 4.C632E--01 4. 1 1 1 7E--01
10 3. 5 407
E
-01 3. 5 6 ( 1 -01 3.5C19E--01 3.5177E--01 3. 542 61 --01
11 3 . 1 3 7 5 F -01 3. 0207E-0 1 2 . 9 7 8 2 E --01 2.5 7128-•01 2. 979CE--01
12 2.611 9 1 -0 1 C • 4342 E-01 2.3 719E--01 2. 3 52 3E--01 2. 3493E--01
13 1 .8665F -01 1. 6875E--Oi 1.6341' --01 1.6 162E--01 1. 6 1 C 6 E -01
14 8.9 5321 -0 2 8. 04 31b-•02 7.8 288E--02 7. 7 55 3E--02 7. 72 93E--02
L5 1.3 886L -02 1. 280 IE-02 I . 2 5 C 6 E -02 1.2398E--02 1. 2.3 5 7E--02
16 2.9 19 3 -0 4 2. 734 8E-•04 2.6 8 04F--04 2. C4 9CE--04 2. 51 07E--04
17 3.21011- 3. 50 .'OE-•06 2.9 6 8 6E--06 3.4 4 7CE--06 3. 995 9E--06
18 6.49701 - 7 6. 12 8 4 E
-
-0 7 5 . 7 7 7 1 E --07 5.81 3CE--07 6. , ! 91 •-or
19 2. 14 58 1; -0 i 3. 5 1 69 E- • 9 2 . 7 3 7 1 E --C9 2.6C0CE-•C9 3. 6707I---09
20 1.8 7 551. -12 2. 72 5 1 ! - - 12 2 . C 9 1 1 E -- 12 2. 4 59 11--12 2. 162 3E--12
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Table C.82 Conti nued
IRON-LEAD, 3MEV t H 1 = 5
GRP. B2- I 02=2 B2 = 3 U2^4 82=5
1 5.4584E--01 5.,4040E-•01 5.2809E-CI 5. 12 56E-01 4. 9753E--01
2 5.3735E--0 1 5..345 5 E --01 5.2 4 90E--CI 5. 121 8E--01 4. 9972E--01
3 5 . 2 1 2 1 E -0 I 5, , 2 34 3E-01 5.1 88 3E-01 5. 1 14 6c-01 5. 03 80E--01
4 5*0 325 E -0 1 5, . 1007E-01 5.1C21E-CI J m C7 77E--01 5. 04 6 3F--CI
5 4.8 451 E--0 1 4.,9549F- I 4.9 99CE-CI 5. C19 ,r-01 5. 02 98E--01
6 4. 6554 E--0 1 4,,801 E -01 4 . 8 8 2 8 E -•ci 4. 942 9E--01 4. 9 8 9 3 E --01
7 4. 4 37 8 E--0 I 4,,5112c-01 4 . 6 6 6 6 E --01 4. 7 3 76E--01 4. 796 7E--01
8 4. 19 78 E--0 1 A, , 304 7 E-01 4.3 74 8E-•CI 4. 4 3 7CE--01 4. 491 9E--01
9 3. 9 478
E
-01 4,.0146E-01 4.0 63 7E--CI 4. 1 133E--01 4. 16 02E--01
13 3.57511 -01 3,,544 7E-01 3.541 1E-CI 3. 5 56 7E-01 3. 5 7 9 3 E --01
11 3. 1 676C--C 1 3.,048 ;L-01 3.0C52E-CI 2. r;9 71E-01 3. 002 6E--01
12 2.6345E--0 1 2. , 4487 E-01 2.384GE-CI 2. 3637E--01 2. 35 98E--CI
13 1.8781E--0 L 1.,68871--•01 1.6343E-CI 1. 61 73E--01 1. 6 1 2 2 E -01
14 8 . 9 7 8 3 E •••0 2 8. , 2 8 E -02 7.8 L27E--C2 I. 74 91E--02 7. 72 84E--02
15 1.3909E--0 2 1..27 80E-02 1.24 9CE--02 1. 2392E--02 1. 2358E--02
16. 2.8875E--0 4 2. , 6 9 6 9 E -04 2.6 5 591 -04 2. 5 742E--04 2. 721 9E--04
17 3. 2 362 E--06 3,•7123E--06 3.5217E--Cfc 4. C45 5E--06 3. ^03 6E--Co
18 6 . 5 3 6 E --07 6.,2447 t • --07 5.9 1 74E--07 6. 9 4 4 I E --07 7. 7866E--07
19 2 . 8 7 9 E --0 9 3, , 5 248E-•09 3.5C06E-C9 2. 7 984E--C9 3. 3 82 5E--C9
20 1.67 <i 2 E i. t. 2,-3320E- 12 2.2tt. 12 ~>c . 1 J * i. l- . 1 ) -> * 02 flit--12
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2 ), for 6MeV Photons in Slabs of Iron
Fol 1 owed by Water
.
IRON-W/.l ER..6MCV, B 1= 1
GPP,I 1:2 = 1 H2=.2 B2=3 D2 = 4 B 2 = 5
1 2. 6 1 4 E -0 1 2. 68 3 3 E--01 ; . 7 3 3 e f --Cl 2.7 65 8E- 01 2. 78 5 7E--CI
2 5 ] ' 5 E -0 1 2.58 H 5 i -01 ? . 6 3 5 2 E --CI 2.6 64 4 E- 01 2.68 ?. 4 ! --CI
3 2. 14 3 9 E -0 1 2 . A A 1 -01 2. 4 4 78 E-•01 2. 471 6E- 01 2. 4>w CE--CI
4 2. 1 7*4 E -0 1 2. 2 367E- 1 2 .2692E-CI 2,2 i^W CI 2. 2993E--CI
5 / * 2 6 r -0 1 ' . I 7 7 9 F -01 2 . i g 4 C E --CI 2.1186! -01 2 . 1 2 7 1 E --CI
b 1 . tf 846F -01 1 . )? *8F- 01 i .9 4 8 3E--0 1 1 .5 ', 8 51 ~ 01 1 . 5 6 4 -5 E --( 1
J 1 . 7
k
> 6 H E -0 1 1. 7 ?27E-01 : . i C 6 2 E -C 1 I. E 12 81 - 1 1. 816 /f
-
-CI
8 L. 6 4 2 J 1: -0 I 1 . 6 6 9 1 E- 01 1.6769 E
-
C 1 1.6 EC3f: - 1 1 . 6 8 2 4 fc --CI
9 1. 5 3v2 E -0 1 1 . 5 5 44E- U 1 I .5* 5 6E--ci i . i c 5 3 r - ('1 1 . b 5 5 4 f --CI
10 1. 4 523E -0 1. ] .45 4 A E - 01 1 .4 468E--01 1.4 451E- 01 1.4432E--ri
1 1 1 . 3 790 E -0 1 1 . 3 ') 6 6 E - 1 1 . 3 5 40E--0 1 1 . 3 46 3E- 01 1 . 34 2 n-ci
12 1. 3 293E -o 1 1.299 1E- 1 1 .2 7 9CE--01 l . 2 6 7 3 F - 01 1.20C6E--ci
13 1 . 3 4 2 E -0 1 1.2 5 57E- 01 1. 2 2 79F--CI 1 . 2 1 1 9E- 01 1.20 2 ' 1 --C 1
L4 1. 2 ' ; 6 2 E --0 1 l.v2 52C- 1 1 .1 - -!'9F--CI L. 1 68SE- Ci I. 1 5 ^ 7E--ci
15 1. 2 1 7 E -0 1 1 .
1
596 F-01 1 .1 2 8 2E--CI 1. 1 10 r :- 1 l. C9 8 9E--CI
16 1. 5 A 2 7 E -0.1 1 . i 6 1 F - 1 1 . 2 r 5 2 E --C 1 1.2 42 8E- 01 1.2 1 r'7h--CI
17 1. 584 E -0 1 ) . 4 10 6 E -0 2 J.1302E--0 2 8 . 9 4 I 7 F - 6. 82 61 E-- ( 2
18 1 . Lrt7 JE--0 1 1 . 7 r;3 E- 1 1 .0342E--CI l.C12t! - 01 9.99 3 5E--C2
19 1. 2 466E -0 1 ] . 1 5 i 5 ; . -0 1 1.11 C;0E--C I 1 . CS62E- Ci 1. C8 5IE--ci
20 2. t> 2 2 5 E -0 2 / . J 4 i > t - 2 2.2665F-•02 / . 2 2 > • - > \2 2 . 2 8 7 { --( ?
IRON-WATER i 6MEV, B 1 = 2
G a P
.
C2= 1 82=2 8 2= 3 8 2=4 b 2 = 5
1 2. 5 75 3 C -01 2. 6 679 E-0
1
2 .7215F-01 2. 7 54CE - 1 2. 7 7 4 1 E - Cl
2 2.'t )\ I E-0 1 2 . 5 7 7 7 E - 1 2 .6 2 64F-C
I
2 . 6 c 5 t F -( 1 2. 6 735E- •CI
3 2. 5 329 E-0 1 2.M f, 3 F-0] . .4 4 r>8F -C ) 2.468 M -111 2. 4 8 2 51 -- (. I
4 2 . 1 i 5 l -0 1 2.2 4 13E-01 "ic .2 7 20E-C1 2. 2 eon: -01 c. • 2 995E- CI
5 2. 0402 E-0
L
2. 5 83 F-0
1
. 1 109F-C 1 2 . 1 2 3 1
F
-0 1 2. 1 3 C 1 E --CI
6 l . 90 1 1 ; -o i 1 . 'Vt23t- i 1 1 i ) F - 1 1.9 64 4E -01 1 . 96 c - E --ci
7 1 . 7 856 ! -0 1 1, SOS 3 l- - 1 1 . 161E-C1 1.6 1 5
n
-01 1. E2 IV•CI
e 1.6 751 E-0 1 1 . 68 5 V -0 1 1 .' Rb8E-C 1 1 . 6 E 7 2
1
-01 1. t i f: _•CI
9 1.5 7u6 E -0 1 I . 5 6 8 3 E - 1 1 . '- J3E-C1 1.5£12> -01 1. 5 6 1 E --( 1
10 1.4 79 5 F-0 I 1 . 4 6 4 •', E - : 1 . 4 5 4 S E- C 1 1.4 49 51 -CI 1. 44 6c 1 •c I
1
1
1 . 5 >69 E-0 1 1.37 12K-0 1 1 . J565E-C 1 1. 2 48'
!
-01 1. 344 2b- CI
12 I. 5 31 ' : r -0 l 1 . ?9661 -01 1 .2 7 75E-C 1.2 6 7CF -01 1. 26 C .1 --CI
13 1.2 88 1 F-0
1
1 . 24 r32l - i 1 1 .2 220E-C1 I .2C8 11 -01 1. 2CC7{ -CI
14 I. 2 54 1 E-0 1 1 , 2 6 2 F - 1 1 . 1 7 9 3 E - C 1 1.16 3 3 l-- -01 1. 15 3 J 1 - C 1
15 1. 1 S-92E-0 1 1 . 1451 E- . 1 3 .1 200E-01 l . 1 C 5 2 C -01 1. COM r -ci
16 1. 43 9 l -0 1 1 , J.0 y4F.-0 1 I , 7E-C 1 1.2 24CI -01 L. 2C 5CE- CI
1 7 1 . 296 t -0 '. \ J 24 E-0 2 > . ( ? 4 1 E - C 2 8.t E ICL - 2 F. 7 8 6 '
18 1.151* E-0 1 i . I5 78F -0 1 1 .02 51 E-0 1 1 . C C 5 fc i -01 9 . li4,< 7F>•C2
19 1.2 218 E -0 I 1. 14 29 F-0 1 1 . 1 HOE -0 1 1.C9 1 8E -01 1. C 9 ? CI
2 2. 4 77 8 F-0 -' . ; . <242i -02 ) .2 >4 LF-O.-' 2.2 22 m: 2. 2C4 2E- C2

Table C.83. Continued




B2 = I C2=2 B 2 = 3 32 = 4 (32 = 5
1 2.5273 E -01 2 . 6 3 1 1 E -01 2.6 9 I 1F--0 1 2. 7 2 78E-01 2. 7 ;j1 18-Cl
2 ? . 4 5 ? 4 E -'J 1 2 . 5 4 7 7 F -01 2 . 6 1 8 F --0 1 2.6 3 4 5 E -01 2. 6 5 5 l F --CI
3 2. 3 09*9 F -0 I 2.389 21"- -0 1 7 .4 3 2 IF--0 1 2.4573E-•01 2. 4 7 2m --CI
4 2 . 1 7 1 E -0 1 2 . 2 3 4 4 t -01 2.26 6 3 F
-
-ci 2.2P51E-01 2. 29 5 96--CI
5 2.04 J 3 h -0 I ? .0^0 5
H
-0 1 ? . 1 I 2 7 F--01 2. 1 2 4 5F- C 1 2. 1 3 12E--CI
6 1.9 18F
F
-0 1 1.9503F - Jl 1 . ; >6 31E--0 1 1 . 9 (: 9 2 E - 01 1. 9 7 2 4 E - 11
7 L. 8 to L -0 1 1 . 3 20 31 -01 1.3 2 JE--01 1 . 8 2 6 9 E -01 1 . 82 76E--CI
8 1 . 6 98 6 r -0 1 1 . 7004 i- - )1 1 .6 9 77E--0 1 I . 6 9 5 6 E-01 1. 694 5H--CI
9 1 . 5944 -0 1 1 . 38 31 ! -0 1 1 .'374 3E-CI 1.56 5 2 F
-
01 1. 566 58--CI
10 1 . 5 ] • -0 1 1 . 4 7 3 1 F -0 1 1 . 4 £ 4 2 F --01 1 . 4 5 6 6E- CI 1. 4 5 2 5 E -CI
LI 1.413 6 -0 I 1.3 i9l -01 1.3* 34 E--01 1 . 3 5351 - '',1 1 . 3 4 e 6 E --( 1
12 1.3404 F -0 1 1. 30 16 E -oi 1 . ? 8 I 4 E --0 1 1 . 2 7 1 E -•0 1 1. ?t 3 6E--CI
13 1 .2871 E -0 1 1 . 2 4 4 ' -0 1 1 . 2 2 2 5 E --0 1 1.2C96E-01 1. 2C1 71: --C 1
14 1.24 5 2 E -0 1 1 . 2 -' 1 4 E - 1 I . 1 7 6 7 E --01 1.16 2CE-01 1 . 152 7F--ci
15 1. I830E -0 1 1.14 1 ) ( -01 L.l 184F--01 1 . 1C4 5E-0 1 1 . C96CE--CI
16 ] . 3 8 4 7 -0 1 1 . 2B09J -01 1 .2 3608--01 1.2 12 1L-01 1. 1 94 PE--ci
17 1 . 1 2 2 f: -0 1 9. 26 64 1: -0? y .9 948F--02 L'.d5 66E- 2 8
.
77 1 1E-- C2
18 I .* 1 2 9 3 e -0 1 i . o 5 o i r -01 l . 1 8 6 F --01 1.CC2 8E-0 1 c 9 3 09E--( ;
L9 1 . 2 u 4 2 F -0 1 1.14 4
F
-01 1 . 1 7 o E --CI 1 . C 9 1 4 E -01 1. C 8 2 6 E --Ci
20 2 .'4 44 4 t -02 2 . 3 2 1 5 h -02 2.2 '• 35E--02 2.2224E- 02 2. 2C^sc- - C2
IRON-WAT !:: i 6MEV, 8 ) = 4
C R P 82=1 D2=2 8 2=3 8 2 = 4 3 2=5
1 2.4 691
E
-0 1 2.58 24 8- )1 2 . 6 5 C 1 ' --0 1 2.f J3 3E-•CI 2. 7214E-•ci
2 2.4032 1 -0 1 2 . 5069 E- )1 2 .-. 8CE--ci ?.r C62E- 01 2. 63 C tO"-ci
3 2 .! 2 7 7 9 F -0 1 2.36
3
5 e - Jl 2 .4 11 7 8--0 1 2 . * 4 8 E-01 2 . 4 - 9 1 ( -ci
4 2 . 1 5 3 i ! -0 1 2.2 2 10 E- 1 2 .2 5 68 J --0 1 2.2 7 7 6!:- 01 2.29C2E--C 1
5 2 . ? 9 2 !
.
-C ) 2 . 8 7 ) I - ul ? . 1 I 1 5 F--ci 2. 1 2 4 2! - 01 2 . 1 3 1 3 D --ci
6 1.0 24 3 E -0 1 l . 9*5 If— 1 1 .9 6 768--ci 1.9 73 3E-0 1 1 . 9 7 ( ci
I I. Ml 8 1 F -0 1 1 . 8 3 14 E - Jl 1 . . .' 4 L h --0 1 l . i 3 4 2 E -01 1. 83 3 7E-( 1
8 L. / I7rt 1 -0 1 1.71471- U 1 1 . fO 10 E--0 1 1 . 7 C 4 7 E - C 1 1. 701 l ! -C 1
9 1.61 r> '• • -0 1 i . 5 J 84 1 - 1 1 .5 8v' IE--0 1 1 . • 7 ? 4 E - 01 1.57 3 r . 1 - ' 1
10 L . 5 2 i 1 1 -0 1 1.49 ' '', ! - i J .4 7! : --ci 1.465. 1 1.45 ( 1
11 1.4 518! -0 1 1 . 39 37 F- : l 1 .3 720E--0 1 1.361i -01 1. 3 54 3E--1
1
1 2 1 . 3 ; . i>' I -01 l . 3 1 1 E - 1 1 .2 8! 3F- - C 1 1 . 2 7 5 4 F-01 1.2 6 781 -CI
13 1. 2 94 5
I
-0 1 1 . 2 50 3 8- 01 1 -'.'1 1.2 1 2 C 01 1. 204 3E- 1
14 1.2'./' - ) I 1, 20 3 3 8- 01 1 . 1 7 : 3 r --ci 1.1' 3 31 - 01 1 . I r^i E . !
15 L. 1H69E -0 1 l . 1
4
1> 8 E - 1 1 . 1 206 E --0 1 I . 1 C 6 4 F. - 01 1 . C 9 7 6 E -C 1
16 1.35 6 ! ! -0 1 1 .26 5 3F- 01 1 .22 76 E--01 1 . 2 C 4 - CI L.l! ) 4 1 - C 1
1 7 1 . 00 54
h
-0 I 3 . 2 6* i L- )? . • '• ' ;>---02 '• . : 5 46J - 02 8. 7 70 7E- C2
18 1.11 "0 1 1 . .)4 ; f 1 1 .0 182E--0 1 I . C C 2 5 E - 03 9 . 9 3 C 1 1 - i.2
1 9 1 . 1 i .' ! -0 I 1 . 1 4
-
01 ii . i ..0 !' -0 1 1 . C93 5E- 1 I . C G 4 C 1




IRO vl-WATl R , 6V EVt.H I
GPP. B2=l rt2~2 2 -- 3 [3 2=4 8 2=5
1 2 . 4 6 3 F -0 1 2. 5268 E--01 2.60 18 E-•01 2.6 5C7E--01 2. 68 8 3E--Cl
2 2. 3 495 F -0 I 2.45 ) 9 F
-
-01 2.'<2 74E-01 2.57 s E
-
01 2. 6C4CF3--CI
3 ?.2M6t -0 1 2. 3 3 271:--01 2.JP61E--CI 2.4 19 3E--01 2. 4 4 3 / 6
-
-01
4 2.1 319 r -0 1 2. 20 35 E--01 2 .2 4 32E--01 2.2£6 8E--0 1 2. 28 3 3E-CI
5 2 . 3 1 IE -01 2.08 2 1F--01 2 . 1< ? 9 E- -CI 2.12 1SE-01 2. L3C8P--Cl
6 L . 9 2 6 1 £ -0 1 1 . 9 5 7 6 1 --01 1 .9 j"0 If --CI 1.9 76 6F- 01 1. 97 950--01
7 1.8284 E -01 I . P 4 7 ! --oi 1 . 3 4 2 5 E --0 1 1 . 8 4 1 6 E--01 1. 8398E-CI
R 1 . 7 343E -01 1.72871 - 01 1 . 7 2 -V E --01 1. 7 14 8E-01 1 . 709 5E--CI
9 I . 6 3 4 7 E -0 1 i .614 11---01 1 . 5 9 •: 9 E --01 1 . 5 P 9 1 E-01 1 . 581 7P-ci
10 1. 5 4 38
E
-0 1 1 . 50 J4I.--01 1 . 4 P 8 3 F --0 1 1.4 7 5 6E- 01 1. 466 8E--Cl
1 1 1.4508E -01 1 . 4 8 2 F --0 1 I . 3 R ' 1 F --01 L. J 70 1F-CI 1. 3 6 C 6 E -CI
12 I . 3 69 7
-o I 1 . 32 301 - )1 I . 2 i 7 5 E -•0 1 1.2 62 7E-01 1. 2727E--Cl
L3 1. 306 2 E -01 1 . 25 92L--01 1 .2 ;j 34 E--0 1 1.2 1 8 3E-01 1 . 2C791 --Cl
14 1 . 2 55 31 -0 1 1.209 3F--01 1.1. JO! -01 1.167 JE- 1 1. 1562E--Cl
15 U1953F -0 1 L. 15 1-4 U--0 1 1 . 1 2 5 3 F --01 1. 1 107E-01 1. 10C2E--Cl
16 1.3421 E -0 1 1 . 2 5 7 8 r --01 1 . 2 2 2 51 --CI 1.2C1 2E-01 1. 185 9E--C)
17 1 . 00 50
F
-0 1 9.28 $11 •-0 2 9 .0 1 2 3I---02 8. Y 7 210-•02 0, / 7 816--C2
18 ) . 1 1 7 H -0 1 i . o 51 r r--01 1.0 20/ ! --0 1 1 . C04 6E- 01 s. 93 P. "Y --02
19 1
.
1 9 86 -0 1 1. 150 3H--'.'1 1.11521 -0 1 1.C978E- 1 1
.
08 6 7E--Cl
20 2 . 4 3 '.J 6 1 -02 2. 34 461 --02 2 .2 7 24 F--o<; 2.2 3 fa ST: - 'J 2 2. <M4 3b--C2
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Table C.84 Scattered Energy Flux Spectra, I s ( b, +t>
2 ,








, for 6MeV Photons in Slabs of Tin
Fol 1 owed by Water .
r IM-WMER, 6MEV, U 1 = 2
GP'r. 82= 1 82=2 82= 3 (32 = 4 82=5
1 2 . 5 1 3 5 r -0 1 2 . 6 2 7 4 E - 01 / .6 )43G -01 2.6 54 8E-•0 1 2. 76 15E-Cl
2 2 . 4 3 '* - E -0 1 2 . 5409 E- 01 2 . b0 2 =>G--01 2 . 6 C 2 6 E -01 2. 6 6 2 5 E --CI
3 2 . 2 M A I i -0 1 2. 3 7 66''- 31 -> . 4 2 7 2 E -0 1 2.^2 f2£-01 2. 4 74 36--CI
4 2.14041: -0 1 2. 2 IS. St. - 01 2 . 2 5 8 5 E--01 2.2 5 35E-01 2. 2 94CE--CI
5 2 . 1 H i : -0 1 2.07 '-J 2\-- 1 2 . 1 2 5 E -01 2. 1C2 5E-01 2. 1 2 7 1 E --( 1
6 I. 8 38 1
1
-0 1 1 .934 1 E- 1 \ . > :> <i I E --01 1.9 5 32E-•01 1. 96 76E--CI
7 I . 7 7 6 7 f -0 1 1 .8061 01 L .8 153C -01 1.8 1 3 81 -•01 1. 822 1E--CI
8 1 . C> 7 5 A i -0 1 1 .68 80E- 01 1 . 6 a : ' J * •-01 1.6 89 3E- 01 1. 68 9CE--CI
9 1 .5 795P -0 1 1.57621 - 01 1 % ^t >.<<r--01 1.568 •'• .- - 01 1. 56 2 CE--ci
10 1.4057 -0 1 1 .4747E- 01 1 .460 -CI l.'i6 8l - 01 1. ^4 916--CI
11 1.4201
t
-0 1 1 . 3 6 3 J I - J 1 .36 37E--ci I. if: 3 7L-•01 1. 54 6 9E-Cl
12 1 . 3 5 9 4 fc -0 1 1 . 3 1 9 e - I 1 . 2 a 5 6 E -01 1.2E56E- 01 1. 26 4CE--ci
13 I . '\1) E -0 1 1 .2608H- 01 1 .23111 -01 1.2 31 1E- 01 1. 2044E--Cl
14 ! . 2 8 2 7
T
-0 1 1.2 2 29E- 1 1 . ! 8 9 J/- -01 1. 1 H93E-•01 1. 15 75E--ci
15 1.2 1 2'. t -0] 1 .. 1 6 5 G - < ] 1 .12 9','- -0 1 1. 1 2 9'tE-0 1 1 . 1 C 1 E --Cl
16 1.5157 r- -0 ! l.iVU 1 - 01 1 . 2 7 2 3 ,: -0 1 1.2723E- i 1. 21 C4E--Cl
17 1 . 6061 -0 1 9.49 31 !"- 02 ') . 1 2 3 1 F -02 9. 123 1E- 2 e. r.2 36E--C2
18 1 . ] 65 > : 1 1 1.07 5 A ' - , 1 1 . 2 3 3 E--C i 1 . C 2 3 1 E - • 1 5. 5 9 ( ' E -
-C2
19 l . 2 ; 2 3 r 1 . 1 599 E- 0] 1 .11791 -01 1.11 79E-01 i. C8 64E--Cl
20 ? . 4 7 1 6 ! -0 2 2. 35 HI G- )2 2 .27 i a i - ^- c 2 . 2 7 3 8 E- 32 2 . 21 1 8 E - C2
1 I N-l ATER, 6.M EVi Bl=4
G H P
.
82=1 8 2=2 (1 2 = 3 F32 = 4 8 2 = 5
1 2 . 3 7 ) 1 -0 1 2.4729| - 01 2 .5752 F -CI 2 . 5 7 5 2 E -•01 2. 6 82 5E--Cl
2 2.21 5 5
E
-0 1 2. 4080 E- -1 2 . 5 1 E -CI 2.5CK '- 01 2. 5 »7 3E--Cl
3 2. 1 560
r
-oi 2 . 28 46F- - 1 2 .3 61 OF -01 2. "Jf OCE-•01 2. '1 346E--Cl
4 2 . r> 7 > !• -! i 2. 16 19 h- 1 2 .2 i m- -01 2.2 1 ; 7!:-01 2. 2 74CE--Cl
5 1.97 't ) t: -0 t 2.0 5 1 5! - 1 2 .09 b f -01 2.CS06E- 01 2. 1 2 3 7 E --Cl
6 I. 8 89 >t -( I 1 . )388G- 1 1 . y ' 3 * -CI 1.9 t w 3E--01 1 • 97 5CE--Cl
7 1.811 ' -1 ; 1 . 8 3 271.- . ] 1 .83781 - 11 1 .8 2 7HE-0 1 1 • 8 3 7 IE--Cl
8 1 . 7 3 7 2 I )
;
1 .73061.- 1 1 . 7 2 1 1 <: - C 1 1-771 IE-0 1 1 • 70 846--Cl
9 1 . 6 5 6 2 h -0 1 1 .62501 - 1 1 .60 3 ?G-- 1 1 . c C W t -•01 L • 5«21E--Cl
10 U'5! 00 E -0 1 1 . 5 266C- 1 1 . 4 3 '- 1 F -ci 1 . ^ 9 6 1 E-•01 J_ • 'ibS2E--Cl
11 ] . 5 001
F
-0 1 J .A 30 8 - 1 1 .394 i
1
-0 1 1 . 3 c ^ Q f>0 1 1 • 36 ' ^F--Cl
12 1.4251 - : 1 1 .3487 1 1 1 . 3 1 ( -0 1 I . 1 IC 5E- (11 1 • 2 7 7CCJ--CL
13 1 . 3 6 ^ 2 F. -0 I I . 2 8 7 3 E - >] i . 2 4 • :< F -CI 1 . 2 '< •• • E -•01 I • 21 ^.TE--Cl
14 1.3 ,69 E -C 1 1.23 > 3 1 - 1 1 .20071 -01 L . 2 r. 7 L- 01 I « 16 39E--(. 1
15 1.2375 -0 1 1 . 1 788 G- 11
1
1 . 1 A 2 1 \ -- 1 1. 142 1E-01 i • 1C /CI --Cl
16 1.4 36 IE -01 1.307S ) 1 1 .25471 -01 1.2 54 7E- 01 1 . 2C2 6E--Cl
17 i .0402
;
-C 1 9. v. m - 02 ' i . 1 7 3 7 F -02 q . 1 7 3 7 E -02 r « fi^ 98E--C2
18 1. 1 362
!
-0 I 1.0809E- :i 1 .o ; nir -0 1 1.C39CE--01 J * C 2 1 E --Cl
19 1.1 ) 3 E -0 1 1.17 7 5 1 1 . 1 3 22F - G 1 1. 1 222E- 01 1 • C9 1 7f; -( 1
20 2.427? E -0 2 2. J98 2I - 02 c .30 5 M -02 2.3C rjSt - 2 2. 22 ?8B--C2
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?




2 ), for 6MeV Photons in Slabs of Lead
Fol 1 owed by Water
.
LEAD-WATER, G'TV, B bl
GRP. 82=1 8 2=2 82=3 8 2^4 82-5
1 2 . 6 8 ) I -01 2. 6677
t
-01 2.721 7E--CI 2 . 7 r 7 7 V -01 2. 78C3E--Cl
2 ? . 5 1 5 1 E -n 1 2. l3 7'*7i - . 1 1 2 . 6 2 4 E -- 1 2 . £ 5 < • - 1 6 7 7 4 E -CI
3 2.3 369
E
-0 1 2. )9 r>lf -0 1 2.4? i 4E--CI 2 . 4 £ 5 4
'
-01 2. 4 81 9E-CI
4 2 . 1 6 8 7 r -01 2 . 2 2 5 2 L -01 2 . 2 6 1 b E --CI 2.28321 -01 2. 2 9 6 1 E: -CI
5 2. 146 E -0 1 2 . 6 f 11 - I 2 .C9C0E--CI 2.1 14 5! -01 2. 1 24^b-ci
6 l . 8 7 ? / i -01 1 . 9 2 1 1 F -0] 1 . 9 4 4 E -0 1 1 . S r ' - 1 1. 36 2 8E--CI
/ 1 . 7 4 4 7 - 1 1 . 7 8 6 9 P. -J] 1.80 3 h r V 1 1 . 8 1 1 3 E -0 1 1. 815 7E-ci
8 i . h 3 1 o •; -0 1 ) .66 5 3 > : -0 I 1 .6 7 541 --CI ! . t 7 9 5 --7 -01 1. t a ? c e --Cl
9 1. !i JO 2 F -0 1 1.5531 1 -0 ! 1 . 5 5 5 61 -ci 1 . ^ r ': -01 1. 55 5 5E--( I
10 1 . 4 4 6 J G -01 1.4553 1 1.45 2 F. --CI 1 . 4 4 6 C E -01 1. *4 3 7F--Cl
11 1.37 5 4 ! -0 1 1 . J 7 7
1
-0 I 1 .3 570E--CI 1.34821 -01 1 . 3 4 ? 3 E -Cl
12 1 . 3 3 6 2 I -0 1 ). . 50o5l -0 1 1 . 2 8 3 7 E --CI L . 2 7 C 2 E -01 1. 2624E--(
]
13 1.3194E -0 1 i
.
26661 - 01 I . 2 3 '1 4 ! I' --CI 1.21 bSh -01 1. 2049* --C 1
14 i . 3 8 b -0 I 1 . 2 ^/M ; -0 1 l . 19 70E--ci 1 . 1 7 4 C | -01 1 . 1 6 C C E --( 1
15 L . 2 3 3 3 E -0 1 1 . 1 7 1 5 C -01 l.l3V>r--ci 1.1 1 4 6 E -01 1. LCI SE--Cl
16 1.6225E--0 I I. 39 16 < -01 1 . 3 2 7 E --ci 1.25 3 7F -01 1. 2 2 3 C E --Cl
17 L.0f>96E -0 ! 9. 502 3 r -02 9. 20 36 E-- C 2 8.56881 -02 8. 85 74 E--L2
18 1.16 9 •
!
-0 1 1 . 8 7 5 E -U 1 l . 4 2 5 E --ci 1 . C 1 1 S I
:
-01 1. C C 2 5 E --Cl
19 1. 2007 -0 1 I . 1604E -01 1 . 1 2 1 7 E -- C ) L . l c c e i- -01 1 . C 8 8 1 E - Cl
20 2.4 1 'jot--02 2 . J 5 361 -0 2 2 .2 / 9 3 E -C2 2 . 2 2 8 t> 1 -'J 2 2. 2 1 4 2b- C2
LEAC-W A1ER, 6ML-V, D 1 = 2
RP. B2= 1 8 2=2 8 2= 3 B2 = 4 82 = 5
1 2 . 5 4 4 5 t -01 2. ' 3 50E- 1 2 .691 '. - C 1 2.72 8 4 L - 01 2. 76 3 4b--11
2 2 . 4 6 2 2 I -0 1 2 . 54 7 2 E - ! 2 .605 IE -C i 2.6 4 1 4.-01 2. 664 i.l --Cl
3 2 . 3 5 6 1 -0 I 2 . 3 8 3 r. - i ' \ 2 .42811 -Cl 2 . 4 5 7 1 E - 1 2.<t74 7E--I 1
4 2. 1567 -0 J 2.22 3 E
-
j ! 2 .2 5 82F -C 1 2. 2 80 4 E- 01 2 . 2 9 3 6E
-
-Cl
5 2.0213 -0 1 2.07241 - ! 2 . 1C0 9E -0 1 2.1 I 6 cl -01 2 . 1 2 '' C 1 - --Cl
6 1 . 8 94b
r
- J I 1 . 9 3 2 3 F - 1 .-J 4 10
F
-01 I. 94 •4-01 1. 566 If --Cl
7 1.77 •: ) I -0 1 1 . 80 301:- > I .8 1 31 F -ci 1. t 17 9E-01 1 . 8 2 C 7 E --ci
8 ] . 6 i
,
- ) 1 1 . 6842 E- ; j \ .6 8 64G -(. 1 1.6 8 7Ci>Ci 1.6! J 61: --C 1
9 1 . .. 7 7 2 1- -0 L 1 . 5 7 1 8 E- 1 . 5 6«* 01 -01 1.5 (r 2 b\ - 01 1 . 56CEE--Cl
10 L.4 90 7 * -0 1 1.47131- 1 . 4 5 P S ! -C 1 i.4 l; i -4 -01 l . 4 4 8 1 E --Cl
11 L . 4 1 6 5 E -U 1 ] . 38 18E- 1 .36271 -ci 1 . l 5 2 2F-0
1
1 . 34 6 5E--Cl
12 1 . 3 56 y
1
-0 ) 1 . 3 1 5 F - 1 .2 8 :v:' -01 1 .272CE-C1 1 . 2 6 4 1 E --Cl
1 3 L. 31S2E -0 1 1 . 2 6 2 3 F - ) 1 .23241' -Cl 1.21551.-01 1 . 2C52I --Cl
14 1 . 2 7 7 7 I -0 1 1 .22541- 1 .15 1 ; 1 -Cl I . 1 7 1 6E- 1 1.14, -Cl
1 5 1 .'20031 -0 1 1. 16 12E- 1 .1313E -OJ 1 . 1 1 2 H E - G 1 1 . 1 C 1 2 r --Cl
) h 1 . 5 02 .M- -0 1 1 . X 4 9 4 F - 4 1 .2 3 15E -0 1 1.24 1 2E-01 1 . 2 1 5 1 E --Cl
17 l . o o n 5 i -0 1 9 . 4 6 55 F- 02 .14 2-'; - C 2 8.5 c 5 / - 2 <_ . l-V --C2
] • l. 108 3
C
-0 1 1.0713'- ) 1 . 3 l3 5 F -Cl l.C 1421 -01 i . c c c •• i: -ci
1 ) 1. 14281: - I ! 1 . 1 4 9 1 E - 1 . 1 1801 -0 1 1 . C <5 5 1 E- 1 1 . C 8 / E Cl





LEAC-WATER, 6MEV, 8 1 = 2
GKP. 8 2 = 1 I' 2=2 8 2=3 82=4 B2=5
1 2.4573 E -0 I 2.5752! --01 2. 6 5 34 F-•01 2.7C3CE- 1 2. 7 3 4 4E--CI
2 2.38 7 3
E
-0 1 2. 49 6 4 i - •0 I 2. 5 6 75 F--01 2.6 1 15t- I ! 2. 6 3 996--CI
3 2 . 2 5 5 6 h -0 ! 2.3469 E
-
-0 1 2 .4 42F--CI 2.4 39CE-•(Jl 2. 4 6 C 4 F --CI
4 2 . 1 2 8 > C -0 1 2.20 1 -01 2 . 2 4 5 7 E --01 2.2 715E- 01 . ; . 2 8 6 9 E --CI
5 2 . 1 4 8 E -0 1 2. .Ho 3< : - 01 ? .0.9 8 Z 11 --01 2.11 5 7E- I 2. 12 5 5E-•CI
6 1.9 05 ?
r
-0 1 1.9 390! -01 l .9502E--01 1.965 lb- 1 1 . 9 6 9 <- --C 1
1 1 . o 5 3 ,; -0 i 1 . 8 1 b 2 1 --01 1 . 8 2 3 7 E -CI l.e25 9L- 01 1. 6 2 6 9 E --CI
8 1.7 12 IE -0 1 1. ?05 v -- Jl 1 . 7004 E--01 1.697 1E-',i 1. t ?52E--C 1
V 1.6212 E -i) i 1 . 59 5 1 E -01 1 .5 80 8E--0 1 1.5 729E-01 1 . 56P6E--CI
10 1.5 34 3 '- -0 1 1.49 35b -0 1 1.4 7 25 E--01 1.461 3E- 01 L. 4 5 526--CI
1 1 1.456] l -0 1 I .6006' -- ) 1 l . 3 7 4 1 E -- 1 1.3 6CCE- 01 1. 3 5 2 3 E -CI
12 1. 3 84 4 -0 1 1.32 ' '. S -01 1.2". 33 E-- 1 1.2 7 77E--oi 1 . 2 6 R 5 F --CI
13 I. 3244 c -oi L .?679F--0 1 l .2 3<T > E - U 1 1.2 18 9E- 01 1 . 2 .'3 1 E --C 1
14 I. 2 68 8 l -0 1 l . 2 2 4 8 E --Jl 1.19 30E- C 1 1.1 7 3CE- 01 1 . 16C4&--CI
15 1 . 1 -> ! 3 1 -0 1 1 . 1 6 1 E--01 1.1 3 3CE--0 1 1.1 1 4 6 F -oi 1. l C 3 C E --CI
16 1.4 2 ^3E -0 1 1. 32 32E--0 1 1 . 2 6 8 6 E --01 1.2*2 2 01 1 . 21C2E--C I
17 >.7753l -1 ) 2 7.4 10 6 t--02 9.1 30 5E--02 (i .9 5 3 4E-02 8. 6 3 9 F E --C2
18 1.07101 -0 1 1 .06 6 5 i
•
-01 1 .0 3 40E-or 1.C1 3 9E- 01 1 . CC1 CE--CI
19 1. 1076
t
-0 1 1 . 1 4 6 7 E --01 1.1 1 9 9 E --0 1 l. 1C12E- - 1 1. C 8 9 4 E --CI
20 2.231b! -0 2 2. 3 507E--0/ 2 .2 /o3E-02 .'./'< 1 *fE~ • 2 /
.
2 i 6 1 E -- C2
I. EAC-WATER, ftMEVt B 1 = 4
GRP. 82= 1 8 2=; 2 82=3 82=4 82 = 5
1 ?. 3 54 4 E -01 2.496 71 - :) 1 2 . • !4E--Jl 2. 6 54 2E 1 > 6945E--Cl
2 ?.2 98 3E -0 1 2 . 4 2 •' 'J L -01 2 .5 155E--ci ;; . •. 7C9E- 01 2. i C 6 6 E --C 1
3 ? . 1 9 1 7 [ -0 ) 2. 299,1 E -01 2 . X 9 3F--ci ;? . 4 1 2 6 1 - 01 c . 4 3 7P--CI
4 2 . 3 B 1 E -0 1 2.1729 E -Jl 2 . 2 2 5 4 E --01 <>.2 5 7CE- 01 2. 2 76 3E--ci
;
> I . 9 98 '- -0 l 2 .0569
I
- 1 2 .09 1! -- 1 ,' ; . 1 1 1 72- 01 2. 1^328--ci
6 1 .'9 090 t -'i i 1.941 6
E
-0 1 .•J -C I L.9 6 86E- 01 1 . 9 7 3 1 E--C!
7 1.82 5 1 > t -0 i I . n 3 2 2 L- -01 .3 J47E--0 I L.E34 -i> 01 1. d342E--01
8 1.7461 f -0 ! ! . 7 2 7 5 -0 1 .71656--0 1 L. r: J3F- 01 1. 704 :'! --CI
9 L. 6 63 8 E -0 1 l .62 16
F
-0 1 .5991E--C 1 L.'; E6 2E- 01 1. 5 7 87E-ci
10 1.5797E -0 1 1 . 5 2 ( 5 . - H . i -01 L.4 74 1E- 01 1 . 4 64 8E
-
-ci
1 1 1.49901 -0 1 1 .42 54 \ -0 1 . 3 ij i 11--01 .3 71 JE- 01 1 . 36C7E--ci
12 1 . 4 1 8 3 E -0 1 L. 342K ] .30* 7E--0 1 . 2 6 6 8E- 01 1. 2 75 38--ci
1 3 1.34401 -d ; 1 . ?8 12i. - ) 1 .2 4 63E--0 1 L.^ 2 5 8E-01 1. 2133E--C 1
14 1 . 2 7 4 I -0 1 1.2323 -0 1 . 1 9 >2E--01 . . 1 7 7SE- oi 1. 164 3E-CI
15 1 . 1903E -0 ! 1.10 8' -0 1 .1 3 r,i --0 1 L . 1 I 9 7 £ - 01 ! . 1 /0E--ci
16 1.31:- il -0 1 1 . 3092 E - 1 . 2 t L 8 E - -CI 1.2 2s FL- 01 1. 2 C 7 5 E -ci
17 ) . 6 1 8 2 E - ' 9.4 20 .'•• 2 . 1 5 79 E
-
- ? '3.5 ? / 3E- 02 e. rv 51 --C2
18 1 .0514E -0] 1 .0651 -01 . 3 7 r --0 l l . C 1 ''•• ^ E - 1 i C0 31E--ci
1 9 1 .089 J t -0 1 1.15 17 1 -01 . 1 2 6 5 E - -0 1 [ . 1 C6 5I - 01 i. C934E-CI




L EAC-WATFR, 6MF.V t B 1 = 5
GUP. G2 = 1 B2=2 B2=3 3 2 = 4 B2 = 5
1 2 .* 2 4 2 8 1 -0 1 2. 40 57
E
-01 2 . 5 1 f, 6 E--CI 2. 5 53 6E- 01 2. 64 8CE-Cl
2 2. 2001 I -0 1 2 . 3 A 9 5 -01 2. 4 5 20 E--01 2 . '; 1 c> 3 ' -Oi 2. 56 7 7F- CI
3 2.1191! -n l 2 . 2 4 2 7 F -01 2.32 b 3 E
-
-01 2.3 7B2F-01 2. 415CE--CI
4 2 . 3 9 3
•
-0 1 2. 13591 -0 1 2.1934E--0 1 2.2 3 7 it-01 2. 263CB--CI
5 I . 9 7 3 3 F - D 1 2.0 395h -01 2 .oec* *•--CI 2. IC4 6E- 01 2. 1195E--CI
6 1 . 9 'i 5 E -0 1 1 . M0 6f -01 l .960 /":--01 l.S 71CE-01 1. 9 7 6 3 E --CI
7 i . r 4 u •' : -0 1 I . M 4 4 ' ( -01 1 .8 4 56E--CI 1 . 8 4 4 4 E -0 1 1. B42CE--CI
L. 7 771
F
-oi 1.7503! -0 1 l . 7 3 4 3 E -- 1 1 . 7 2 36F- 1 1. 7155E--ci
9 1. 70 52F. -0 1 1 .6 50 At - )1 1 .6 204! --CI 1.6C2 4E-01 1. 59C3E--CI
10 i . 6 2 5 4 C -0 1 1 .55 10 ti - 1 1 .5 122F--CI 1.4 501c-01 1. 4 76 1 E--CI
1 1 1 . 5 4 A rj ( -0 1 1 .^V.!' 1 -0 1 1 . 4 1 4 F --CI 1 . 1 86CE-01 1 . 3 7C8E--01
12 L . A- 5 7 3 C -01 l . J 6 f .' ? r -01 1 .32 v; r --01 1 .2 C 9 3E- 01 L. 2 83 7b-CI
13 1.37111 -0 I L. 300 4 1 -01 1 . 2 60 1 F--CI 1.2 361E- 01 1. 2 2 C 1 E --CI
I
A




-0 1 1 .2099 F--CI 1. 1 £6 lh-01 1. 1696E--CI
15 1 . 2 1 5 i -0 1 1 . 1 8 IB 1 -0 1 1.1504F--0 1 1. 1 2 8 IF-01 1. 1126E--CI
16 1.362
M
-0 L 1 . 5042 i -01 1.26 w h -CI 1.2 29SE- 01 1. 2C73E--CI
17 9. 5 62'* 1 -0 2 9.4 101' -< 2 '/ .2 195E--C2 r> . C 2 5 - i -•02 e. 8 8 9 2 E --C2
1H l.u'i 3 : > I - ) 1 1 . ! 1 •'< 1 -01 1 ,04-'*0E--0 1 1 .C22 2E- 01 l. CC6 7E--CI
19 1 . 0B29 L" - I 1.16 25! -0 1 1.13 72E--01 1.1 14CE-•01 i. C9 85E-CI
/'J 2 . 1 B 3 -J t -0 2 2. 3 65 /I -0 2 2 . J 1 b '/ 1 --02 2.2 7C 7L— OZ 2. 2 J85e--C2
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), for 6MeV Photons in Slabs of Tin
Followed by Aluminum.
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466 E
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J'' . 16MEV1 B 1 = 4
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13 2 = 4
2.3 4 38L-






7 3 7 5 E
6 4 3 4 E
5 5 6 9 E
46731
L . 3 8 7 fi E
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( b-j +b 2 ) , for 6MeV Photons in Slabs of Lead
Followed by Aluminum.
LEAC-ALUM ., 6M EV» 13 1 = 2
G^P. B2 = 1 02=/ B2= 3 B2=4 B 2 = 5
1 2 . 4 2 1 7 E -01 2 .469 6b- 1 2 . 4 9 6 k E --CI 2 . 4 9 6 6 b -01 2.49961 -Cl
2 2 .34941 -0 1 2.3967b- 1 2 .42 34 E--Cl 2.4 2 34E- 1 2.42 911- Cl
3 2.2121C -01 2 . 2 5 8 3 E - 1 2 . 3P43E--CI 2 . ? 6 4 J 1 -01 2. 29 52E--Cl
4 2- ere io e -01 2 . 1 2 4 8 E - J] 2 .14 >2E--cl 2.14 )2l-01 2. 16 3 51 --Cl
5 1.96 3 )\ -0 1 2 . : 4 'j t - 1 c . I 7 3 E --01 2 . C 2 7 3 E - 01 2 . C 4 4 71 --Cl
6 \ . «' r- v ; -0 1 1 . PP.P5I - 01 1 . > i ' - o r --01 1 . 9 C b C E - 01 1. 92 5 5b--Cl
7 1 . 7 '. 5 7 f -01 1 . 78 20E- 1 1 . 7 9 6CE--Cl 1 . 7 5 0U -•01 i . e i r> '. E -•ci
8 1 .6 63 ;b -0 I ) . 6 8 3 5 F - H 1 . 6 9 •'; '1 T --Cl 1 .6 954E-•01 1.711 5E--Cl
9 1.57 9 1 b -0 1 1 . "38 / 7 1- )
I
1 . 99 36E -Cl 1 . r 9 3 6 r - 01 1 . 6C5 r\ -Cl
10 1 . 5 05 1 E -o I 1-50291 - 1 1 . -,! J4E--Cl 1 . 5 C 3 4 E - 01 1.51161 --(
1
11 1 . 4 U ( I ;. 1 -01 1
.
4238b- 1 1 . 4 1 7 4 E --Cl 1.4 1 74E- ' 1.419 7E--Cl
12 1 . 3 806E -01 1 . 3 5 77 b- 01 1 . 3 4 5 1 E--Cl 1.3 451b- 1 1 . 34 12? --Cl
13 1 . .J 4 'l > ' -01 1 . 3 '< ?! h - ] i1 .2907E--01 1.2 9C7E- 01 L.2BC2E--Cl
14 1.2 »
9
-0 1 1 .26 5 91 - 1 1 . 2 4 4 3 E --01 1.244 5 f - 01 1.2278b-•Cl
15 1 . 2.1 84
E
-01 1 .200 61 - 01 1 .1 17F--Cl I. 16 3 7F-01 1. 17C6E--Cl
16 1. 9 399 f- -0 1 1. 7 2 301 - 0] 1 . 6 1 9 3 E --0 1 1.6 193E-•0 1 1.51 8 1 f: --Cl
17 1.1939 1 -0 1 1.13 33c- 01 I .0 90 M --Cl I.C5C9E- C 1 1 . C5C3E-Cl
I a' 1 . 2 I 4 7 f -0 1 t. 19 24E- .) 1 1 . 14 91E--cl L . 1 4 9 1 b - 01 l. 105PE--Cl
19 8. •'. 3i;i -02 6. 49 79 E- 2 E ,2 24 1b--02 '2.2 24 1E- (.2 7. 946 - C 2
20 l.(i M 3E -0 3 1.6 j60 i - 3 1 .640 3 r
-
-0 3 l . 6 4 3 E - 1.583 5b- - C 3
L EAC-/U.OM ., 6MfcVi B 1 = 4
R3. 137 = 1 13 2=2 B2=3 B2 = 4 13 2 = 5
1 2. 2 136 fc -01 2. 3 16 1E- 01 ; . 3 . B e --0 1 2.3 68CE- •01 2. 4C4 6E -Cl
2 2 . 1 ;) 7 2 r -0 I 2.26421 - 01 t . 3 1 2 J F - 1 2.3 12 7E-•01 >c, • 3 4 P I E -Cl
3 2.0 >o 1 E -0 1 2. I655i - 1 2 . > r, /-j --01 2 . 2 C 7 6 E -01 2. 24C 71 -Cl
4 2.0) 34 E -0 1 2.06 771 - .1 t' . 102 5E--01 2.1C2 5E-- 1 2. 13141 -Cl
5 1. 942 3E - 1
1
) . 9 5 27 b- 1 2 )2F--C 1 2.CC9 2b--Oi 2. C 3 2 •', -Cl
6 1 . G M 'i 1- -0 1 J . '< •'V' ! - 01 1 . 9 1 2 H: --Cl 1.91271 •-oi 1 . 92 9CE -Cl
7 1 . c 05 n: -0 I 1 .- 1 36 E- 01 1 121 --Cl 1. J : 212l--•0 1 E 3 C 7
1
-Cl
8 1 . 7 4 37 E -(1 1 1 . 7 3 3 3 E - 1 1 . I 3 20E--01 1.7320:--01 1 . 7 3 4 9 - Cl
9 1.67 6 5 E -0 1 1.64 JE- 'Jl 1 .•, 3 70E--01 1 . 6 3 7CE-01 1. t 3 2 /!• -Cl
10 1 . 607 2 E -0 1 1 . ' '• r ;) L - 1 1 .'.-231 --0 1 L.54 83E- li] 1. 53 9 51 -C I
1 1 1.5373
f
-0 ] ! .48 25 i - 1 I .4 5 >2I --0 1 1.4 5 ^21---0 1 1. 44 r^ (; E -Cl
12 I . 4 < ! -0 1 1 . 40 4 <!"- 1)1 1i .3799F--Cl 1.3 79 >< -01 1. 1 63 8E -Cl
13 1 . 3 H 3 4 ( -0 1 1 . 34 1 1 . '. 1 69 F- -0 1 1. 1 169E--Cl 1. 299 CE -Cl
14 1 . 301 3
r
"
1 1 . 2P 29 [> 1 ) i9F--Cl 1 . 2 6
,
? 9 r -•0 1 1 . 2 4 3 f | - ( 1
15 1.21271 -0 1 1.2178b- 01 1 . •' '.'.?--0 1 ) . 2C34E-•01 1. 186 4 G -Cl
16 1.711, -0 1 l . 6 2 7 9 E- 1 i . 5 7 < - 01 1.5 70 '' 01 1. 5 C C 7 E -Cl
1 ( 1 . ; >* 3E -0 1 i • 10 6. i r- 1 1 .oa. n -01 1.C62 71
-
-C 1 1. CV >l -Cl
18 i . 1 1 2 j e -0 1 i. 16 I9b- 01 1 .1 3« -0 1 I. 1 3 9 8F-01 1 . 106 7| -Cl
19 7 . 7 4 65 -0 2 B . 3 1 6 3 E - 02 i .1 ?] /or- - C 2 8.187 c • 7. 9 6 P 6 -C2
20 1 . 5 ':• / 2\' -0 3 1 . 65 8 7 E- ' I .63. -C i 1 . 6 2 2 Cb- C 3 L. 5 8 7 '' L -C 3
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for 6MeV Photons in Slabs of Water
Fol 1 owed by Iron
.
WAT CR- IKON, 6N.EV«.& 1=1
G R P
.
B2=l 82=2 B2=3 8 2=4 8 2 = 5
1 2. 3 764 E-0 I 2.3 1 ^J1 - - ; 1 2 .2 500 E--CI 2 . 1 9 1 F -•0 1 2. 12 21E--CI
? 2. 3059 b-0 1 2. 2 5 38 E-- n 2.2C COF--ci 2. 14A9E-01 2. C9C2E--CI
3 ?. 17 19 1: -0 1 2 . 1 3 9 P --0 1 2.10 5CF--CI 2.C70 8F- • 1 2. C2 96E--CI
4 2.0 436k -0
!
2.02921 -• 1 2.0 11 -CI 1.S915E-•0 1 1. 9 6 5 S E --ci
5 1.92 71 E-0
J
1.9 30 5 b- - >1 t . ; ; 2 8 9 F --C 1 1.9 2 32F-01 1. 9 122E--ci
6 1.817 1 1—0 1 I .8 3451 --01 1 .84 541 --CI 1 .L' 5 6:-•0 1 1 . 851 2E--CI
7 1. 7190C-0 1 1.74 )6E--01 1 . 7 7 1 9 E --ci 1.76 6 c ; E -01 1. 79 8 1E--CI
R 1.6 317 E-0
1
1.67 MO-0 1 1 . 7 C 4 5 E - CI 1.7 2 7 2i-•C I 1. 7 4 7 C E --ci
9 1.5511 E-0 1 . 5 ) 7 2 E --01 1 . ft 3 2 6 1 --CI 1 . 6 5 9 4 F -•01 1. 6 8 3 9 E --ci
10 1 .4 ^60 E-0 1.5344b--oi 1 .5 7 17E--ci 1.6C12E-01 1. 62 9CE--ci
11 I .4 290 E-0 1.4719b--') 1 1 .50 551 --ci 1.5 23 2E-•01 1 . 56C6E--CI
I? 1.'3898 E-0 1 1.41 9 6 t
-
-0 1 1 .4 4 59E--(. 1 1.4 6 96E-01 1. 4 9 4 5 E --Ci
13 1 . 3664 E-U 1 . 3 7 7 1 E --01 1 . 3 .9 4 E --ci 1 . 4 1 1 S E -•< 1 1. 4 3 3 2 E --ci
14 I. 3 35 7 E-0 1 1 . 3 28 4 E--0 1 1.3 2 76E--01 1 . 3 5 o e E -01 1. 36 8 6E--Ci
15 1.2 47 7 E-() ! 1.2440 F -01 1.2 5 70 E--C 1 1.2 72 2E-01 L. 291 CJr--ci
16 2. 7299E-0 1 2 . 4 5 7 6 C. --0 I 2.2 8C9E--ci 2 . 1 6 9 2 F -C 1 2. C 9 9 3 E --ci
17 I. 3464 E-'J 1 1
.
30981 --01 1.25^6 C --C 1 1 .2 232E-•r l L. 2 C 2 9 E --ci
in .307 4 E - ' ! 5 . () "i 11!-- 2 5.70501 --C2 5. 52 2 2L J02 4 1 c 3 E --C2
19 3. 9226 E-0 .3 3. 72461:--0 J 3 .5 52 /E--C2 3.4 3 89E-03 3. 3 7 2 3 E --C 3
20 9 5 8 6 E - > . -V ; '< 4 i. --0 6 v .56 / 6 ; --06 8. 4C88E- C 6 c . 3 4 5 £ E --( 6
WAT I -.!<- I RUN, 6MEV f.li 1 = 2
G^p, l*?=l L< 2= 2 B 2= 3 82 -4 152 = 5
1 2. 4 38 1 E-0 1 2 . 3 2 7 2 1 -01 2.24 •: / E --ci 2. 164 1E-C 1 2. 1 <^CE--CI
2 2. 3 66 1 E-0 1 2. 2690'. -01 2.20 10! •-0 1 2.127 Jt -01 2. C9P3E--CI
3 2. 2 29 3 E-0 1 2. 1584C -0 1 2.110 3E--C 1 2.C5 7 5E-0 1 2. CC77E--CI
4 2. 9 1 7 E-0 1 2.00O5 1- - 1 2.0 197E--C 1 L.9C54F-•01 1. 9 52 6E--CI
5 1.9 7>.;2 E-0
i
i .954 or -0 1 1 .9 40 5E--CI 1.9 24CE-01 1 . C 7 4 E --Ci
6 I .8 64Q E-0 1 . M590E -0 1 1 .P588E--C 1 1.8564b-•0 1 1. 8 52 01 --CI
7 1.70 1 4 E-0 1 1.7745 i -0 1 1.786 F--ci 1.79741 -•ci 1. 80181 - Ci
8 1 .6688 [ -0 1 . 6 9 7 6 l- -01 1.7201b--0 1 L . 7 4 1 5 ' . - 1 1 . 75 9 8! -ci
9 1 . 5 797 F -0 1 1 .6 1ft IE -0 1 1 .6 4 7 3'' --0 1 1 . 6 7 1 E -CI 1 . 6 9 94E--ci
1-0 1 . 504( E-0 1 ; . 500 61 -0 1 1 . 5 8 5 3 F - C 1 1.6 17 - 01 1. 64 6 7E --CI
11 1.4 34 1 I -0 ! 1.48 n a
i
- ) 1 1.515 » -ci 1 . 5 4 8 3 E - i ! 1. 57 70E---01
1 2 1 . 3 7701 -0 1 1.4 1 >6I -01 I . 4 5 1 1 F --c 1 1.4 61 9F-•01 1. 1 C 1 F --01
13 1. 3 350 E-0 1.36 b 2 fc -01 1 .39 3 3F--o 1 1 . 4 2 ' E -01 1. 44 5 8E--CI
14 1 . 2 8 96 E-0 1 1.31 ?6 ! -0 1 l . 3 3 2 4 E --0 1 1 . 3 5 08E- 01 1. 3 7 i 4 -- r l
15 ) . 2 085 [ -0 I 1 . 2 3 27
E
-0 1 1 . 2 5 4 3 E--01 1 . 2 7 C 6 i -01 1. 30! 7b--CI
16 2. 3 24 4 E-0 1 2. 2 30 IE -01 2.1370b--01 . / 7 2E-•01 2. C 3 6 9 E --ci
17 1 . 2 4 9 E -0 1 1.22281 -01 1 .20 361 --C 1 1 . 1 9 C ? E- 01 1. 1 6 2 3 i- --ci
18 5. 5 974 E-0
2
5.55 741 "I -v 5.4 3 7 3 ! --C2 5.350 SI -02 ^ » 31 1 30--C2
19 3. 4 7" n -o 3 . 4 605F - i 3. 3 8 59 F--C 3 3. 3 3 74E-•0 3 3. 3 07/ 0--C 5
20 '!. 4 366 E-i >6 1 . 1 104 -0 5 8 .269 1F-- [) 6 8.1138b-06 7. 6 6 5 C E --C6

Tabl e C . 88. Conti nued
WAT ER- IRON, 6V.fV, B 1 = 3
2 6 3-
GPP. B2=l B2=2 B2=3 B 2 - 4 B2=5
1 ? . 4 n 4 i e -0 I 2.34 39 E- 1 2 . 2 4 2 J E •-CI 2. 14 52E-CI 2 . C 5 7 7 Cl
2 ? . 4 v 4 c -0 1 2 . 28 56E- ) I 2.1970E--01 2. 1 114E- 01 ;? . C 3 4 8 E --CI
3 2.? 6 76 1 -0 1 2. 174 7 E- 1 2.1099! - 01 2.C4 7 3E-01 ]1. 991 ?e-CI
4 ? . 1 3 1 1 fc -0 1 2.0660E- OJ 2.0 2 21F--01 1.9 80] (:--01 ][. 942 3E-•CI
5 2,0 07 3 ti -0 1 1 .9694F- 01 1 .9 4 5BI --0 1 1.92 S4E- 1 ] . . 9 3 C E --CI
6 1 . 8 83 1 E -0 1 1 . :J7 27E- 01 1 .3653E--C 1 1 . e59 4E--01 ]L . 6 5 3 3 E --CI
7 1.7 8 10
E
-01 1.7 3 72E- 1 1 . 1 9 \ ! 1 -01 1 .PC 3 8E-01 ] .El! -ci
e 1.6839
t
-0 1 1 . 70 3 31":- i ! 1 .7 J02! --01 1 . 7 5 07E-01 ] . 76 85b--CI
9 1 .5 59] E -0 1 1 .6270E- 1 1 . 6 l5 72! --01 1.6 8 56E-01 ]L. 71C4E--CI
10 1 . 5 OH 1 E -(J 1 1.55 70E- 1 1 . 5 j 4 > E --0 1 1.6 2 94E-01 ]L. 6596E--ci
1 1 1 , 4 30 5 t1 -0 i 1.4834E- 01 1 . 5 2 3 1 E --CI 1 . 5 59 1E-01 ] . 59C7B--CI
12 1, 3661 1: -0 1 1.4 1 791 - 01 1.45631 --CI l . 4 9 1 I E-01 1 .521 96--CI
1 i i . u 5 6 e -0 1 1 . 16 161 - C 1 i .3 ?52E -01 i .4 2 71E- 1 ]L . 4 5 1 5 E --CI
14 1 . 2 6 4 J E -0 1 I. 3022 E- J
1
1 . 3 3 1 5 E .-0 1 1.2 6C2F-01 ]L. 1 8 6 If --ci
15 i. iHfoe -0 1 1 . 2 2 4 7 E- n l 1 . 2 5 4 3 E- -C 1 1.2 84CE--01 ][. 31CCE--ci
16 2 . I2't & h -0 1 2. 100 6 C- 01 2.0 517E--01 2.C 18 3E-01 ]L . 9952E--ci
17 1 . 1320E -0 ] 1 . 1 7 241 - 1 1 . 1 7 L 4 ; -- C 1 l . 1 6 9 4 E -01 ] . . 168 8E-CI
18 5 . 2 3 5 3 ; - -0 2 5. J127E- 7 5.2 301E--02 5.2 5 5 90-02 'J.242PB--C2
IV 3.2 529 •' -0 3 3. 30 80 E- ; J 3 . 2 3 7 9 E --03 3.2 73Cc-03 ;3.264 ;e--C 3
2 7 . <"' B27 t - ) 1 .06 19'
-
05 3.0 3 7 1jI --06 8 . 1 2 5 5 1 -Ob (i. 1 4 1 b--Co
WAT ER- IRON, 6 V LV, B 1 = 4
PP. 132=1 8 2=2 B2=3 B 2 = 4 '2=5
1 2.5 129C-0 1 2. 3 5 39 E-0 2 . 2 3 6 2 E -01 2.128 3E-01 2.C34 7E -CI
2 2.4 36 3 1-0 1 2, 2 ?54E-0 1 2.191 -01 2. 9 7 4':--oi ;i.C] 4 7E--CI
3 2. 2 9 09 E-0
1
2 . 1 8 4 3 E- 1 2.10 7 31 -0 1 2.C3 7 3E--01 L. 97 6 7E--ci
4 2. 1 50 O -0 1 2.07 51 E-0 2.0 221E -01 1 . 9 7 4 ! > --01 L. 93 3CF--CI
5 2.0242! -0 1 ] . ( ) 7 8 21-01 1 . )482i -01 1.9 21 71:--01 l . 8S 8 5E--ci
6 1.901 6I--0 1 1 . - 80 71 -0 1 1 . l/ 9 " -01 i . e f o / : - 01 l. E 52 8E--CI
7 1.7 91 3E-0 1 1 . 79 4 7t~0 1 1 . 3 1 2 l -01 1 . 8 C :3 1 ':--0 1 L . G 1 4 2 E --ci
8 1 . 6 920 e-o 1 1.71 f^7t - 1 1 . 7 J 7 2 f -01 1.7576 tr.--01 1.77 '• 4 E --C)
9 1.59381 -0 1 i .6 3 26 J -; 1 I . 6 ( 4 ' )
!
- 1 1.69 3 EE--01 L. 71 r ~. 30--ci
10 1 :-3C; ?7E-( ] 1.56141-0] l . f , ; 51 -01 1 .(. 3 8 6E--01 L . 6 7 C C E --ci
1 1 1 . 4 ?3 1 J -0 L . 4 8 56 '.I 1 .5 2961 ' ! 1.563 IF---0 1 ]L.601 3E- ci
12 1 . 3 696E-0 ) 1.41771-01 1 . '< fi 1 1 ,; - 1 1 . 4 S 1 ( - 1 L. 531 80--ci
1 \ ! . 3 =.6 E -0 1 1. 35 8 3 E-0 1 1 . v; 78
1
-1 1 1.433 -01 L . 46 }9E--01
14 1 . 2 .00 E -o 1 1 .2 '- 51 -v> I I . 1 3 2 1
E
- U 1 1 . 3 6 4 6 E --01 L. 39 3CE--01
15 1 . 1 7 4 9 E -0 1 i .2205! -.)1 1.25 ( 4
t
-1 1 1 . 2 8 9CE-- 1 L. 31 74E--0 1
16 2. 075 E-0
i
2.0 1 fU'-Ol 1 .9 9 5 .1 -CI 1
.
r
? "f b \ - -01 ] . 9661b--CI
1 7 1.0:5 ' 1 E-0 J I . 1 t 1 . I 1 . 1 5 ( •
'
-0 1 1.15 5 4 01 . 159 7E-- 1
18 5.0 2 261 5 . 1 5890-02 5.1 ? / 7
'
-02 5. 1 8 6 6E--02 ;. 1 )6 3E--C2
19 3. 1 20 1 E -0 3 3 . 2 1 20 t - ; 3 3 .2 2 4 LE 3 . 2 2 9 8 E- •03 3.2 30 CO
-
- C3
20 7. '" 576 E-0
6
1.031 4 I- - 1 ' / . 5 2 2 -C£ 1 .C4B4E--05 (J . C 7 3 6 E --C6

Table C.88. Continued
WAT f R- IRON, 6MEV, H 1 = fj
264"
GU 1 , 82=1 82=2 B2=3 82 = 4 82 = 5
1 2. 5 303 1 -0 i 2.35 8 1
1
-01 2. 2 2 87E--01 2.1 137E--01 2. C17 C C-Cl
2 2 . 4 5 2 < i -0 I 2. 299 St -01 2.ie56E--01 2.C E4 *E-•0 1 2. CCCCE--CI
3 2 ." 3 4- 9 E -0 1 2. leqvh--01 2 . 1 C 3 / E--CI 2 . C 2 8 5 E-01 1. 9 6 6 1 E --CI
A 2. 1628 E -0 1 2.0 7 59
t
-01 2.0 206E--01 1 . 9 6 8 9 E--01 1. 92 61E-CI
5 2.0 JVtf -0 1 1 . 9 8 3 2 F --01 1 . 9 4 8 8 E --01 l . 9 1 9 3c--01 1. 8 9 5 1 E -•CI
6 L. 909-7 E -0 1 1 .8 8 56b--01 1 .87 19E--CI l. eeice-•01 1. e523t--Ci
7 L . 7 9 8 5 I -0 1 1.79 y 7 E -01 1 .80 51 E--CI 1.8 112E-•01 1. B167E--CL
8 1. f)973f -0 1 1
.
7208! -01 1 . 7 4 2 6 t --CI 1.7 63 1E-01 1 . 78C4E--CI
9 I • 5 9 7 3 h -0 I 1.63721 -01 1.67 5 F
-
-0 1 1.7CC7E-•CI 1 . 72see-CI
10 1.51 1*3 L -0 1 1 .56 5 4 1 -0 1 1 .60K6E--C 1 1 . t 4 6 4E- 01 ) . 6 7 8CE--CI
11 1 . 4 2 7 '» t -0 1 1 . 4 8 8 3 F--01 l . 5 3 5 2 E --CI 1 . [- 7 5 a -01 1 . 6 9 4 E --CI
12 1 . 3 5 6 3 K -0 1 1 .4 137 E--01 1 . 4 6 5 6 E --0 1 L.5C5 9E-•CI 1 . 5 39 3E-CI
13 I. 293 4
L
-0 1 1.35721--01 1 .4008 E--01 1.4 3 89L-•01 1. 47C4E-CI
14 1,2^15 r- -0 1 1.2937b--01 1 . 3 3 3 7 F --CI 1 . 3 69CE- • 1 1. 39 8 2E--CI
15 1 .1 6 78F -0 1 L. 21861 -0 1 1 . 2 5 8 6 E --C 1 1.2 93 8E-01 1. 3 2 2 9 E --CI
16 1 . 9 3 1 5 E -0 1 1.96 341 -0 1 1 .9 5 60E--CI 1 .9 4 9 5E-•01 1. 94 3 7E--CI
17 1.061 5 f -0 I 1 . 1 1 9 5 L --0 1 1.1 2 60E--01 1.14 59E-01 1. 1^27E--CI
18 A . 8 l < 5 4 r -02 5.05561 -0 2 J.1071E--C2 5.1 3 8b£-02 5. 1 6 C 6 E --C2
19 3.'0 *45C -II J J . 1 4 7 7 E 3.1 80 1E-- I 3 . 1 S J 9 E -•03 2 1 3 6 E --C3
?.o 7.28251 -0 ; ; 1 . U/ /'H -0 5 1 .0 loCF--Cb 1 . ». 1: 5 4 b- • U v3 J . C9 ?58--C5
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2 ), for 6MeV Photons in Slabs of Lead
Fol 1 owed by I ron
.
LEAO IKON, 6MEV, B 1=1
RP. 02- 1 82=2 B2=3 82=^4 82 = 5
1 2 . 3 3 3 t" -o i ;?.27 6 3E--0 1 2.2 4 45E--Cl 2. 19 5 9E-01 2. 13 87E--Cl
2 2,2 \u b ' -oi ;-'.2i f >?f:--01 2.19 33F--0 1 2.152SF-•0 1 2. 1C4CE--CI
3 ?.. iu4iE -o i ;> . 1 (U M --0 1 ? .096 1E--0 1 2.0 7 1 3E-•oi 2.C3 8 3E--CI
4 ! . 9 r)-'t-i -0 1 I . >9 8 5E--0 1 ;• .0006 E--01 1.9 E93E-•01 1. 57C1E--CI
5 1 . 8 6 7 2 f -0 1 l . 9 19 F--0 1 I.9 167E--0 1 1.9 18 3E-•01 l . 9 1 ? 4 E --CI
6 1 .' 7 A 2 5 f^ -0 1 L . e • f - ? 1 -01 1.8 3 30E--0 1 l.£*42F-
-oi 1. 34R5F--CI
1 1 . 6 6 .' -0 1 L . 7 2 7 2 1. --01 1.7 591E--0 1 1.7 7 9CE--01 1. 792 5E--CI
8 1.5 090E -0 ) >L.65 42E--01 l . 6 9 1 9 E--0 1 1. 7 18 3E- 1 l. 73 51E--CI
9 1.51711: -0 1 [ .58 35F--0 1 1 .6 2 20 F--01 1.6 50 7F-•01 1 .6751F--01
10 L • 4 6 1 6 '.: -01 jL. 5260 E--01 1 .5 6
3
3E--CI 1.5 52 5E-•01 1.61 9 5E--CI
1 1 1 . 4 1 9 1 H -0 1 ] . A 7Q 'I --01 ] .500 1E--01 1 .526 7C- 01 1. 55 1 6E--CI
12 1. 3 954 '. -0 1 1 .4261! --01 1 .4 4 52E--0 1 1 . 4 6 541- CI 1 . 4 9 7 1 £-•ci
13 1. 3 < ; 3L -0 1 ]L . 3 9 1 1 C -01 1.3 5 72E --0 1 1.4 103E- 01 1. 4277E--CI
14 1.36781 --0 1 1 . . 34.71 E--0 1 I . 3 4 3 7 E --0 1 1.2 514E-01 l. 364 9E--CI
lb 1.2 686' -0 1 ] l . 2 r* ••' 2 E --0 1 1 .2 60 7E--0 1 1.2 714E- 1 1 . 2 8 65E--CI
16 3.2 )? , i -o i ;'.65 33 E--0 I 2.4 05 E--0 1 2.243 5 t
-
01 2. 14 7 70-CI
1 7 1.65 3 ) 1 -0 1 • L.4 }4{---01 1 . 3 62E--01 1 . ? ^ 1 5 H -•01 1.22CC1 --CI
L8 7.2117 E -0 2 ( > . 4 2 3 F --02 5.9 326F--02 5.6 r: ^6E- • 2 5. 5CC1E--C2
L9 4. 505 6 !- -0 5 J.9991E--0 3 2 .69«idE--02 2. 524 5E- 3 3.42 52E--C.5
20 1 . *98
E
-0 5 l ». 768 5 1--06 9.0 2 60E-- 6 F. ? C9 JE- 06 6. 374 C6--Cb
lea::- i ion, 6MEV, b 1 = 2
G ,;?P. 82= 1 B2=2 2=3 8 2=4 8 2 =5
1 2. 2 4 32
F
-0 1 2.2) )?t--0 1 2 .1842E--01 /. 1 366E-01 2. 081 7E--Cl
2 2. 1 466 l -0 1 2. 16951 -0 1 2 .14 16E--01 2. 1 CI 5E-01 2. C 5 4 3 E -( 1
3 2.0 78 7 f -0 1 2.07 51 F--0 1 2 .0605E--01 2.C24 7E-01 2. CC23E-Cl
't 1.9 75 3 E -0 1 1, V 29 F -01 .9 7 96E--01 1.9 6 62E-01 1. 94 6 6E--CI
5 1 . 8 8 50 -0 I 1 .402 )* -01 .9 102F--01 1 . 9C84E-01 1 . 901 1E--ci
6 1.7992F -0 1 1.82 ! 3
1
-01
.8 3H4E--01 1 . 6 4 52F-01 1. 84 72E--( 1
7 I. 7 2 35 -0 1 1 . 75 3 B r -U 1 . 7 7 6 E --01 1. 7E56E-01 1. 8 C C 1 E --ci
8 1.6567! -0 1 I .690 Ji -01 . / ioir-- 1 1 . 7 3 6 61 -01 1. 754CE --Cl
9 1. 5 934 \- -0 i l .6240 1 -0 1 .6 5 0bF--01 i .6 7 3 5E-01 1. 694 6E--Cl
10 1 . 5 3 9 / 1- -0 1 1. 5 6 -,4l •-01 . 5 9'+0E--CI 1.6 18 2E-01 1. 641^E--ci
1 1 1 . 4 9 1 4 6 -01 I . 509 )l --0 1 . ' . 9 7 F --CI 1 . 5514E-C1 1. 5 7 4 C E --ci
1 2 J . 4 4 R 2 1 -0
1
1.4! 531 -01 .4 692E--01 I . 4 8 7 3 E- 1 1 . 5C ?7G--Cl
1 3 1 . 4060
'
-0 1 L.4 h -0] . 4 1 4 5 V --01 1 . 4 2 8 4 E- 1 1. 44 5 7&-Cl
14 I .' 3 4 5 2 E -01 1 . 3 ' '-) 6 f ; --01 . 3 5 5 1 E --01 1. 3 6 55E-01 ] . 38C3E- Cl
1 5 1 . 2 J80E -0 1 1 . 2 ( 1 J 1 -0 1 .27 31E--01 1 .2 F6< r-o
l
1, 3C23E--c 1
16 2. 6 059
1
-01 2. 4 765t -01 ? .29 20E--01 ?. 1 803E-01 -> 1C0 6E--Cl
I I 1.3714
-c 1 1 . 3 267f -01 . 2 6 -J 3 F - c 1 1.2 32 3F.-01 1. 2C5 5E--Cl
18 6.330 4 - -•12 6 . 04 i4 F - 2 t . 7 4 E E --C2 5. 5 6 02E-02 44 52F--C2
19 3.95391 -0 3 3. 765 3E j .5 / - ' - 2 3.4 c 2 7':- 03 39 1 ir--C 3








I. I AC- I ROM, 6MEi/ f B 1 = 3
BPP, B2=l B2=2 82=3 B2 = 4 B2 = 5
1 2. 1594
:
-01 2. 1 38 4 E -01 2.107 5 r
•
-01 2.C 64 8E-0 1 2. CI 5CB--Cl
2 ? . 1 1 53
!
-0
! 2. 099 7 E -0 1 2 .0 745E--01 2.C3 85E-•01 1. 9 956E--Ll
J 2.0 U 4 e -0 1 2 . ; i 2 :: 7
i
-
:.' I 2.0 1 18E--01 1.9f H4E- 01 1. 95 87E--CI
4 L. 9503J -0 1 1 .9524 ; - j i l .9 4 79E--CI i . <: 3 5 2 n -•CI 1- 91 7 16--CI




- M 7 - )i l .8 9 561 --CI 1 . 8 9 2 8E-01 1. p « r c p _-CI
6 1.81 7 5 i -0 1 1.32 2 >- - 1 1.8 38 3F--01 l.E <<?i<-- 01 1. B4 34E-CI
7 1 . 7600
i
1
1 . 7 7 40E - u 1 1 . /S 79 C- - 1 1 . 7S86E-01 1. >• C 6 5 E --ci
8 1 . 706 > '. ! 1 . .' ? 2 R l -0 1 1.73 ; / l --CI 1 . 7 5 5 3 E-01 1. 7 6 9 c l -•CI
y 1 . 6 5 4 9 i -0 1 J . 6 64 9
E
-0 1 1 .6 8 1 1! •-CI 1 . 6 984E-•01 1. 71 5 7E--ci
10 I. 6 04 4
E
-6 l 1.61 1 B -01 1 .4 2 MC
-
-CI 1.646 7E- 01 1. 66 6 6E--ci
l! 1 .' ^ 5 3 3 > - ) 1.55151 -01 I .56 3 3F--CI 1.5 6C3E-•01 1. 5 >9 7E--ci
1? 1 .496211 - i 1.4903 E -()] 1 .4 9 9GE--ci 1.5 14CE-•0 1 1 . 5 3 2 1 E -ci
Li I. 4 29 Ml": - 1
1
1 .4 $021 -0 1 1.4 3 a 3 r --01 1 .4 HAl-01 1. 4 6 7 51.--ci
14 1.3 4 35 1 -0 1 1. 36 34! -01 1 . 3717E--01 1 . 3 e 5 £ ( - 01 1. 3 ?9M --Ci
15 1 . 2 30 1 i -0 1 1.2744 H -01 1 .2 9 19E--0 1 1. 3C6 5F-01 1 . V 1 7E--ci
16 ?. 5 12b f -0 1 2. 3 344 C -01 2.2 144 E--0 1 2.134 1E-01 2. C 7 9 6 1 --ci
1 7 1.2610T - ! )
.
?767E -0 1 1.24 5
4
-01 1.2 20 7E-01 1. 2C4 7E--ci
1 it 5. 8 021 -D? 5 . 7 V } 7 ! -02 5.6 2 56F--C2 5.4 96 •02 5. 4 1 2 8 E -•C2
19 3*6 229
L
3.6120 1 - o 3 3 . 5 C 3 3 E --C3 3.4232E-•C 3 "2* • 37C9E--C3
20 3 • b 44 4
i
-()' 8 .823 2 E -06 • . 5 5b9E--06 6 • 3 5 35E-•06 7 . 9463E-C6
LEAC- 1.<QM, 6MEV, 8 1 = 4
G R P
.
82= 1 B2=2 8 2=3 82 = 4 82 = 5
1 2. 060' 1 - .» 1 2. ". 50 u -01
,?.0 205E--CI 1 . 9 E 4 9 C-01 1. 94 1 7E-C1
2 2.0 2 90F-0 1 2. 1 7 3 L -0 1 1 .9 9 7 ,; E--0 1 1.96 76E-01 1. 5 3 C A F - C 1
3 L. 9 69 1 F -0 1 1
.
. >6 47f-0 1 1.9542 E -CI 1.9 349E-•01 1. 9 C 9 5 E - C I
4 l . > loy f -c i l 91 15 t-ul I .9 03 r--01 1.E93 1E-01 1. 8 62SE-C1
5 1.8 6 75F-0 1 1, . ! 7 1 6 r - >} 1 1 .8 74 5 E--ol 1.6 72 5E-•01 3 . 8 6 6 1 E- C
1
tj 1.8231 H-0 1 L. , 5 2 7 4 c - ! 1.83 3 6
l
-01 1.8 36 7E-•01 1. d 3 726-Cl
7 1. 7 451 E-0 1 1 .
7
390 01 1 . 7 9 7 5 ! 01 1 . £ C 6 ( E. --01 1. 8 1 2 7 E - C
p
1 . 7 50 7 ! -0 I 1, . 7 5 2 1 f- -01 I . 7 6 2 3 E -01 1 . 7 7 3 9 L: -01 1 . 785 5F-C1
> I. 7 18 8 E-0 1 ] . 7 4 ] F • • 1 1.71241 -0 1 1 . 7 2 4 6E--01 1 . 7 3*4E-C1
10 1 . 6 63 5 E - ) !. 1 , , 654 01 1.66421 -CJ 1.6 7 7 7t -01 1. 6 9 3 ft E - C 1
1 1 I .6 123E- ! 1 , •> ?65l 1 1 ,6G06>: -01 1,612 -01 1. 6 2 ,r< 2 F - C 1
) ? 1 . 5 4 56 E -0 1 L , 02F- ' 1.53 iSf -01 L.5A4 6E-01 1. 55 9 5E-C1
1 5 1.4611 E-0 3 i,,4609 o ; 1 . 4 6 7 4 E -CI 1.4 785E-01 1. 4 9 2 4 F— ( i
1 4 ) . 3 556 L-0 i 1 . . ' " 1 ( - -0 1 1 . 3 9 7'":--CI 1.4C9 >:.-01 1. 42 1 9E-C1
1? I. 2 365 E-0 I 1 ,29471 -01 1 . 3 156E- -0 1 1.33 C ( : --0 1 1. J 4 3 9 E - C
1 2. 3 24 S h-0 1 < ; . , 2 370E-01 .? . 1 5 9 1
E
-01 2 . 1 C C . i -01 2. i 12 5E-C1
1 7 1. 1921 f -0 1 1 . , 24 49 ' •-•0 1 1 . 2 3 I 2 1 : •-0 1 1.2 14 -01 1 . . ' JE-C I
1
:
J 5.4 72 3 1" -0 2 5.,64 >8E- 2 » .54 89F-~C2 5 . 4 6 C 6 1 -02 5. 3 9 84E-C2
1 ) 3 . 4 1 6 2 E~9 3 J ,51271 - 3 . 4 5 5 ; 1 -03 3.4( 71 -03 3. 3 6 2 c r: - C 3
2U L' . 3 402 Z -0 i 53 II - i J rj i . 4 m i h ' -oe 8.4 3 82C-•1)6 9. 21C9E-C6

Table C.89. Continued
LEAC- IRON, 6MEV».f3 1 = 5
267
GRP, b?=i B2=2 [', 2 = 3 (52 = 4 B2 = 5
1 i.:9 5a '. i -oi L. ;)/ - % 1 F - 1 1 . 2 6 6 E --01 1.8Q79E- 01 1. 864 7E-C1
/ 1 . y 34 ) e-oi L . 9 2 7 7 • -01 ii .0 i 39 E--01 l . 8 9 C E- 01 1 . 861 9E-C1
3 1 . < •>. I I -0 1 L . 89 60 {
-
01 j . '8 97E--CI 1.P751E- CI 1. 85656-C1
4 1 . 862 I -0 : L.86 '11-01 1 . P fc 2 l 1 -0 1 l.df 54E- 01 1. 84 4 9E-C1
5 !.«<; • ; -oi . -,^r- 01 1 . »4hOE-- 1 L.f 4 7 3E- 01 1. e 4 3 8E - C
1
6 l - 8 1 , / ' - ( ] lt RH> 1 -01 1 . 8 c A /r--CI L • £ 2 7 1 E - 01 1. 82 8 8E-C1
7 1 . 8O22E-0 1 L . 7 9 ) 5 E - 01 1 . ( -01 1-8 1 16E- 01 1. P 1 7 1 1- C
8 1. 7 ^00 f -0
1
. 7 / M J F - 1 1 . 7 e <• i 1 --CI 1. 7 92 4E- 01 1. 8 1 I E - C 1
l
J 1 . 7 f> 7 7 E - J ] . , 7'. ?4! - ] 1 . 7 4 - 3 r --01 1.75 2 2 r " - 1 1. 76 1 RE-C1
10 1.7] 96E-0 1 j i . 7012E- 01 1 . 7 ( ,-• 3 E -CI 1 . 7 1 1 1 E - 01 1. 72 2 5E-C1
1 1 1.6 703 [-0 1 1 .64 39 F- 1 1 .64 1 • : " -CI 1.6 4 8CE- 01 1. 6 5 P E E - C 1
1? L.5-9 1? E-0 1 [ .57 39E- H 1 . 5 / 1 7i : --0 1 L. 5 787E- 01 1 , 5 8 1 7 F - C 1
13 i . 4 >3 .'• l:-0 ! 1L. 496 7 E-01 1 ,5C -T--01 1.5C9 5E- 01 1. 5197E-C1
14 l. 3 f6M;-oi 1[ .4 I 26 J -0 1 1 .4 2 621 -01 1 .4 3 6 6E- 01 1. 4465E— Cl
i', l.?Sl(3i -0 1 .320 2 1 - 01 1 . 3 4 33F--C 1 l . 3 5 7 CE- 01 1. 36 « iE-Cl
16 ?. 19P7L-0 1 ;? . 1 ''.' s \ i- 01 t' .12' -01 2.C 7 8 3E- 01 C 4 4 ? E - C 1
1 7 ] . l •<'} " -0 1 [ .22 56! - 1 1 .2 2 43E--01 1.2 14 1F- 01 1. 2 C 4 9 E- C
1 8 5.2 600 t 0? ; > . rj4 16 i--0 ' r. ,5C 71 F--C2 5.4 4 7 9E- 2 ** • 3 9 8CE-C2
19 J . 2 8 3 2 -03 5
.
*508E-0 3 j • 4 295 b--03 3.3S2 9E- C3 3. 3618E-C3
20 8.0 ! 5 / '. -0 6 I}.4 2 56 F- 06 - .?( JHE--06 1. 1 3 4CE- 05 1. 14 6 8E-C5
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Table C.90 Scattered Energy Flux Spectra, I s ( b-, +b
2




for 6MeV Photons in Slabs of Water
Fol 1 owed by Ti n .
WATEK-T IN, 6KEV..BU2
GRP, B2 = 1 B2=2 8 2=3 8 2=4 B2 = 5
1 ?. 3 3 1 6 r -01 2 . 1 v, I - 01 1 .9 8 32 F--Cl 1.9E32E- 1 l
.
696 1E--Cl
2 2. 2 708E -01 2 . > 6 8 t - 1 1 .9 58 9F --01 1 .«$ c- 8 9b-•01 1. 69 9 3E--CI
3 2. 1 5 5 3 E •-0 i 2. 20 4 E- 01 1 .9 128F--CI 1.9 12 8E- 01 l. 7C56E- -CI
4 2. 4 50 t -0 1 1 . J4 70E- 01 1 .86 79E--01 l.e6 75E-01 l. 71 1 7E • -CI
8 1. 9 500 F--n i L . 8 9 L 8 E - o
:
1 .8439 E--01 1.8 4 39E-0 1 l. 7 4 3 4 E --CI
6 1. 8 5 9 1 E -oi 1 .8 360 t- 1 1 . 164E- 01 l . 8 1 6 4 E -01 l. 7679E--CI
7 1. I fd'c [ -0 1 1. I )0 2t- 1 1 . r J83E--C 1 L7S83E-01 i. 801 9! --CI
8 1. 7 75E -01 1 . 7 5 10 E- 01 1 . / S 4 9 E --01 i. ?E4 9f-01 l. 8 3 8 1 E--CI
9 1. 6 3 7 J, E -0 1 1 . 70VtE- 1 ] . 76 01E--01 1.7 60 1E-0 1 l. 852^F--CI
10 1 . 5 78 9E -0 1 1.6673b- C 1 1 . ' 3 99E--01 1 . 7 3 99E-•01 l. 8665b-•CI
i l 1 . 5 ? 1 8 E -0 1 1.62 3 3E- 1 1 . 7C55E--01 1. 7C55F-01 l. 8516E--CI
12 1 . 4 / 3 F -0 1 1 . 5 7 1 7 F- 01 1 . 6 5 4 1 E --01 1.6 54 1E-0 1 l. 804 CE--C 1
13 1. 4 L 7 1 1 -0 1 i.b0 39E- 1 1 .5 7 62E--0 1 L.5 76 2E-01 l. 71 5 6E--CI
14 i. 3 198 b -0 1 l . 3 7 8 2 F - 1 1 .4 ?45E--01 l . 4 3 4 5 E -01 L. 5 52 r<F--CI
15 1. 1 4 3 E -0 ) 1 . lflOOE- 1 1 .226 2 E
-
-CI 1 .2262F-•01 1. J262E--CI
16 '2. 8 1 3 8 E -0 1 2 . 6 6 7 6 L ~ 01 / .4 H 32E--CI 2.4E32E-01 2. 2924E--CI
1 7 5. 9 '. ' 1 ! -D2 5 . 7 3 5 9 E - 2 !, . 5 7 8 7 F --02 5.5 7 8 /E-•02 36 5 I C--C2
m r>. 4 4 7 I C -0' J ! >. 18 20 F- \ 4 .9 A 8 31 --0? 4.5 4 83E- 5 4. 70 8 3E --C 5
19 3. 20t. E -0 5 2. 7 146E- 5 2 .76 JCG--ct 2. 7 63CI -C5 2. 5 82 9E--C5
20 1. 6 'i 2 1 E -0 8 3. 3 -j 381— i 2 .-• L3bE--ut 2.6 13-3E- - c a 5329E--C8
WATEK-TI 1, 6MCV, B 1 = 4
G R P
,
82= t 8 2=2 8 2=3 82=4 B 2 = 5
1 2 . 4 1 3 6 E -J 1 2 . 1 5 79 F- ) 1 1 .9 5 52E-01 1.5 5 52E-01 1 6 1 9 1 E --CI
2 2. Kf' j : -n i 2.11 i 4 v - 1 1 .9 3 3 7 E— 01 US 3 5 7E-C1 1. 6 3 C IE --c 1
3 ?. 2 24 2 i -0 1 2. 4 36 6-0 1 1 ." J86F-01 L . 8 9 8 6 E- 1 1. 651 1 t --CI
4 2. 105 U--0 1 1. J7 09E-01 1 .n 6 19E-C1 1.8 619E-01 1. 6 /15E- CI
5 2.0o3 1 F-0
1
1.9 1 ,".' -0 1 1 . • i ('ir-ci 1.E4 7 1E-01 1. 716 8F--CI
S 1.903/ F-0 i 1.8< 1 ,7!--0 1 1 .8 2 6 7E-C1 1 .826 ?b-Cl 1. 7 5 7 6 E -- (
1
7 l.c r:oi i -o i 1.8] 60L-01 1.8 157E-C1 1 .8 1D7E-0 1 1. .< 06 5E-- C 1.
3 1 . 7 566 i" -0 1 i . t 76 2E-0 1 1 .!- 8AE-C 1 L.ECd4E~01 1 8 5 7 1 E -CI
9 1.6 .6 5E - . 1 1.72 7 6 F - 1 1 . /8h4E-01 1
.
7Eb4E-01 1 t 8 2 8 E --CI
10 1.5 J 6 6 1 -01 ; . -oi 1 .7 6 8 2E- CI 1 . 7 i v .: I - '. 1 I. 5C6 5E -(.
!
) 1 1. 5 17 7 E -01 1 . ( 5 5 3 - •') i 1 .7 3 24E-01 L. 7 32 41 -01 1 B 1 7 2 E --CI
12 1 .A 52 7! -0 1 1. 5 7 c-Ol 1 . 6 7 7 F - 1 ) . fc 7 7 OF-'. 1 1 8 5C6E--CI
] 3 L. 3 15 1 -0 ). 1 . A 9 9 1 F - G
1
1 ,5 l/23E-Cl 1.5 52 8E-I I 1. ?58 IE--CI
14 1.2 804 1 I . V, v>. -0 1 ] .44 39E-0] 1.4 4 3 5E-01 1 5 8 6 r-i --CI
15 I.. 10'Jl E-0 1 1 . 17071 -0 I 1.2 341F-C1 1.23411- 1 1. 5 5 4 "t --CI
16 2. 31921 -0 1 2. 29/ 7F-0 1 2.23 •> 8 E - C 1 ?. 2 3 5 8E-01 2. 1 5 8 1 E --CI
1 7
l
>. 1 17 . 1 -0 2 ', . ) 8 ;i ^- F-o
2
5. 168 IF- C2 ';. 168 IE- 02 r, 164 7E--C2
)
' 4. 6 29 / t - ) 1 4.61 1 F - 3 4 .5 554E-C I 4.5^ 5 4E-0
5
A. 1j] 1 CL--( -5
1 ) 2. 5 64 n -o . 3 . 2 >60 5 2.5 3 301 - 2.5 3 5CC-05 -x 5 7 0,,' --c : >
20 2.0 5 /6b -0 1 3. /-d »6f -08 3 .61} 10E-06 J.fcClCE-C 8 4. 201 i| --C8

2 6 9-





), for 6MeV Photons in Slabs of
Aluminum Followed by Tin.
ALUM .-TIN,
6
y EV,B 1 = 2
G»f'. B2=l E3 2=2 H2-3 R 2 --- 4 13 2 - 5
1 ? . 2 6 5 7 E -0 1 2.09 3 M
-
-01 1 . 9 5 2 1 E--01 1.9 521E-•0 1 1. 6812E--CI
2 2.2 109
E
-0 1 2 . 5 7 5 E --01 1 .9 3061 -0 1 1.5 30 60-•01 1 . t 85 7E--CI
3 ?. 1067E -0 1 1 . ) 8 8 6 - --01 1 .80 99F -0 1 l . eeo^E- CI 1 . 6 J4 2E--CI
4 2,006 )L -01 1 . 9 2 2 2 F --01 1 . 8 b C 1 E -0 1 1.6 501E- 01 1. 702 7E--ci
5 1 . 9 2 30 E -0 1 1.8745! --l) 1 1 . fi 3 1 > I --0 1 1 .£ 2 L 5F-0 1 iX • /37CE--CI
6 l. 84-21 E -0 I I. 82 55E--01 1 . 3 0:9 1 f -0 1 1 . eC91E-0 1 1. 763 5E--CI
7 1 . 11151 - ) 1 1 . 7 8 6 3 ; --01 I .796 E-- 1 1 . 7 9 ^ c t - 01 1. e c c 4 1- --ci
8 1 . 709 1 E--0 1 1.75 31 1 --01 1 .7 965F--CI 1.7E6 9E- 01 1. & 3 9 1 E --CI
9 1 .' 6 4 6 6 E -•( 1 1 . 7 1 2 o r- --01 1.7 657E--CI 1.7 6 57E- 01 1. a 5 5 6 E --ci
10 L . 5 9 5 E -01 1.6790 E -0 I I. 7 4 90 E- •CI 1.749CE- 01 1. E7C5E--ci
1 1 L . 5 A A 4 E --01 1 .63 M E-- 1 1.7 1 69E--0 1 1.7 169E- 01 1
.
f 571L-•ci
1 2 1.4963E--0 1 l . 5 8 9 1 E-01 1 .(»^6') r --CI l.d(6 5E-oi 1. c-:c^;e--CI
1 J L.:A43a E--I J 1 . r 2 1 8 ; --0 1 1 .5 8901 --CI 1 . 5 E 9 C E- 1 1 72 1 SE--Ci
L4 I • 3 A 4 3 E -0 1 1 . !H9E- -1)1 i .4 a 6 n --01 1.' 4c 7L- 01 1 5586E--CI
16 1 . 1616E--0 1 1. 194 5t--01 1 . 2 3 6 7 E--01 l . 2 3 6 7 E - 01 1 33 1 5E--ci
16 2. >097 E--0 1 2 , 6976 E- • )] 2 .> 169E--CI 2. b 16 9Er01 2. 31C ,:)E--ci
17 6. 1647E--0 2 5 . 8 9 4 E --02 5.647 9 E
-
-02 5.6 4 79E- 02 4C2CE--C2
18 5.6212 - ! 5 . 2 7 1.5 E -- 3 5 .00951 •-C3 5.C C9 5E- 3 4. 74 1 7E--C3
19 3. 1209 _' II 2. 7531 F--05 2 . 7 9 6 1 E --CI 2. 7 55 IE- 5 50 l5C£--15
20 2 • 6 6 6 1 E- • . 2 . 5 5 1 5 r - A .0 9 9 > t •-Gfc 4. C59 5t - 3 4. 3 2 C 3 E -
ALUV.-T IN, 6MEV, B 1 = 4
GPP. 82 = 1 D 2=2 *?=* H2=4 13 2=5
1 2. 2':'i2 r- -01 2.0622E--0 1 1 .88321 -01 l.EE 3 2E- r>l 1 • :3 7 7 6 F --Ci
2 ?. 2 12 )£ -0 i 2 . 3 2 ) 1 --01 1 .8 7iO c --0 1 i.t /l CF- 01 1 • 5 5 2 4 E --CI
3 2. 1 355 -0 l 1 . 9 7 7 3 F - 1 l . 8 4 7 9 F--01 1.6 4 -'5E- 01 i 9 62C4E---CI
4 2. 0'. 7 1 -0 I L.9 2 24E-"0 l l . » 2 4 2 E •-0 1 1 . 6 2 4 2 1- 01 X 64 7 n---CI
5 1.96 2 •• 1 0 1 i . fja 70i - -'J 1 1 .8 229E -ci i . e ? / ; e- 1 1 « 7C2 7E--CI
6 1 . 8 ' : 'i 4 ( -0 1 1 . 84 70 E--ol i.8i 4 f r. -CI i.e 14 6E- 01 ] « / 4 3 7 1- --ci
7 1.9 1 r>4 E -0 1 i
.
n 169 • ) 1 1 .fi 14 9E- -01 1 . ^ 1 4 9 1 - 01 i • C46E--Ci
R 1 . 7 5 2'*! -0 1 1 . 7 8 !3 7 I --ill 1,6 L 7 < 1 --• C 1 1. PI 7 6E- 01 X * R61 7&--CI
1 ) .6845E - 1
1
1.74 J 8 F --01 1 .80 34P -01 1. 8C34E- 1)1 1 • ;-i2(-Y--Ci
10 1 . • > .' 6 2 r - Y 1.71 •'.- 6 ( --Ol 1.79211 - V. 1 1. 7 52 IE- 01 1 «- S 2 1 -ci
1 1 1 . 5 6 .-1 ,' r -0) 1 .67 101 -- ' ) 1. 1.760 3E-- 1 1 . 1 ( C 3 E - 01 X • 914RE--ci
1 p I. 601 I
F
-0 1 1.61321- ] l .7064* -01 1. 7' t»4t - 01 1 . >36 9 5f --ci
1 <, 1.4 3 2 lM -0 ] 1 .' 3 55! --0 1 1.62 1( '" -ci 1 . £ 2 1 6 E - 01 1 • 7 76 7E-ci
1 4 1 . 3 2 3? : -0 1 1 . 3 ) i - 1 i .4 /oir -0 1 1.4? o i r. - 01 J. * 6 3 ^F -•t 1
1 ) ) . 1 '. / '-. i -0 i 1 . 1 99 il -01 1 .2 569F -01 1.2f 65E- 1 I • ', ' 95 --CI
1 6 2 . 3 "40 -0 1 2 . x ' 2 • -- 1 2.261 3 r -0 1 2.26 I 3F- 01 2. 1 74 3h--CI
1 7 5. 30'»3E -0 2 5.2£ 3E - - j 2 5.23 6 '' 1 -02 £; .2 ?6 2E- 02 > • ?07 31---C2
1 8 't . 7 6 '> A if 4 .6 8691---0 3 4 . 6 1 1 6 r- --02 4 . 6 1 1 6 E- 3 4. f 6PE--C3
1 ? 2. 6^2 . 1 -0 • -05 2.56901 - ' 2.5 6 9CE- 6 3 581 E-• Ci
2 i . 6 o -j 2 •;: -0 : J . ,' 1 i 1 -- < 4 .;j617I --OE 4.C61 ?i - C H > 6 9 3 >• I •( >
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2 ), for 6MeV Photons in Slabs of Water



























































































































































































































































































































































































































































































o a 8 4
9 a 9 5
H l)9 y
B 1 8 5







































2. 2 3601 -
2 . 1 5 9 7 E -
2.U665E-
2. 03C 5 b-
1 .9 7 50E-
1 . >262b-
l . e a 23 t—
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1 . 4 3 2 5 E-
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1 . C 6
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9 2 E -
5CE-
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7 4 3 P E
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WAT ER-LEACi 6MEV, B 1 = 4
GPP, 82=1 8 2=2 B2=3 H2 = 4 B2=5
1 2.5 338 E -0 1 2 . 2 8 5 7 E -01 2. Or 99 F--01 1 . E 7 1 4 1 -01 1 . t i 9 1 b -Cl
2 2. 4 661
[
-0 1 2 .-24561 -01 2.0 521E--01 1.87 2 •0 1 1 . /14 ^E--Cl
3 2. 3 3 74 I -0 1 2. 1 695
E
-01 2 .0 1 i 1 E
-
-01 1.8 / 4 7 K
-
C ! 1. 74 c bb--Cl
4 2.2144 E -0 1 2.0*9* 21 -01 1 .9 8 57 E--Cl l.fc7b 3b- 1 1. 77 8 7E-Cl
5 2. 1073E -0 1 2. 04 06 -01 1.07Mb--Cl 1 . 5 C 4 5 E -M 1 . 9 3 7 7E--Cl
h 2. 04 4
F
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2 2 . ? 306 E--0 1 2. 15 84E-- i ? .0 6O6F--01 1.9 5 9CE-•01 1. 6 4 9 9 F -
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D. 1 . Graphical Display of Results
The figures in this appendix are arranged as follows:
Energy Buildup Factors, B (b,+bp) for D.l. - D.18
Two-Layered Slabs.
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Figure D.4. The Energy Buildup Factor, B
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Figure D.16. The Energy Buildup Factor, B^t^+t^) vs. b-j and
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Figure D.19. The Scattered Energy Buildup Factor, Bp(b,,b,j)
vs. b, and b~ for IMeV Photons in Two-Layered
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b2 , SECOND LAYER THICKNESS (mfp)
Figure D.21. The Scattered Energy Buildup Factor, Bc(b,,b«)
vs. b, and bp for lMeV Photons in Two-Layered
Slabs of Water-Lead and Iron-Lead.
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The Scattered Energy Buildup Factor, Bp(b,,b
? )
vs. b-j and b^ for 3MeV Photons in Two-Layered
Slabs of Iron-Water and Lead-Water.
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Figure D.24. The Scattered Energy Buildup Factor, Bp(b,,b
? )
vs. b, and b~ for 3MeV Photons in Two-Layered












O b, = I MFP
A b, = 5 MFP





2 3 4 5 6 7 8
b„ SECOND LAYER THICKNESS (mfp)
i.o







vs. b, and b
?
for 6MeV Photons in Two-Layered







O b, = I MFP
A b, = 5 MFP








SECOND LAYER THICKNESS (mfp)
Figure D.26. The Scattered Energy Buildup Factor, B^b^b^
vs. b, and b
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for 6MeV Photon in Two-Layered
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